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EXECUTIVE SUMMARY

This report contains Tasks I-IV of the Coastal Zone Management program
at the Florida Marine Research Institute. Task I work products are
centered around the development of the Marine Resource Geographic
Information Systems (MRGIS) and the dissemination of both digital and hard
copy data into the user community. A focus of this Task has been the
development of a detailed GIS database for the Little Manatee River
Watershed. Data layers are in various stages of completion and analyses
have been conducted. Task II work products are based on the goal to link
and quantify the relationship between fisheries species to estuarine
habitats. A major effort, linked to Task I, to study the distribution of
fishes in the Little Manatee River, relative to salinity, habitat and land-
use, has been continued in. this Task. Sampling has been on a two week
basis and preliminary analyses are providing information on the
distribution of fish relative to salinity. Task III work products complete
a project relating potential envirommental stresses (i.e., hypoxia, light)
to physiological correlates of Thalassia testudinum. A stress indicator
(ethanol) has been identified for hypoxia events and sulfide toxicity and
recovery have been observed. An assessment of carbon (food) uptake in
Thalassia has also been conducted, demonstrating that this plant can use
multiple carbon sources. This suggests that foodweb assessments will be
difficult when using carbon isotope signatures, This work complements
previous CZM work that identified environmental stress and loss of seagrass
habitat as a major problem in long term resource management. These three
tasks now represent a major thrust of the Florida Marine Research Institute
to develop techniques and provide information to more effectively manage
our marine resources.

Since sound information on habitat quantity, location, and importance
to Florida's fisheries and non-game resources has never been addressed with
a methodical, holistic approach, this type of information has not been
available to the researcher or resource manager. Although much of what we
are doing will require long term database development, the preliminary

"information has been and continues to be requested by agencies, planners,

and researchers. We expect this program to continue to grow and the
knowledge gained to be of critical importance 'to the future of our coastal
natural resources.

Task IV is providing the vehicle to get our information and project
results to the general public. - The Seagrass Task Force Report is in the
final editing stage and is being prepared for publication and will be an
important document for those concerned with management of this resource.
The most effective approach to resource management is by an informed public
guiding the. governmental processes. By providing factual non-technical
information to the public, they can make better decisions when facing tough
issues regarding our marine environment. Through brochures, presentations
and other forms of media, we are accomplishing these goals and the results
can only be positive for Florida's future.



Task 1: MARINE RESOURCE GEOGRAPHIC INFORMATION SYSTEM (MRGIS)

The primary objectives of this task were to. continue the development of the
Liftle Manatee River (IMR) watershed GIS data base, distribute MRGIS digital,
tabular and hardcopy habitat data, improve our‘cgpability for hardcopy map
prodﬁction, expand MRGIS interfaces to tabuiar data, and field test the mglti-
spectral video imaging system. Also, we added data layers on an estuarine basis

for Tampé Bay and Apalachicola Bay.

MRGIS Development for the Little Manatee River Watershed

The development of the IMR GIS database has progressed with'major focus on
completion of data layers important to water quality analyses. These data will
be analyzed for correlations between various landcover, land-use, and soil

components and various water quality and fisheries data currently being

collected.

GIS DATABASE DEVELOPMENT

The -development of a GIS dafabase is complex, dynamic and requires data
acquisition from many sources. Since the future analyses to be conducted with
the GIS data layers will be quantitative, it is imperative that cartographic
integrity be maintéined. This constraint has inhibited the data entry but the
results of maintaining this approach will have long-term benefits.

Figure 1 depicts some of the layers of data being implemented on the Marine
Resource Geographic Information System (MRGIS). These layers represent data we
have accessed, identified as available in map form, or can be generated

from aerial photography or satellite imagery.



The base map (data layer to which all other layers are referenced) consists

of an April, 1988 SPOT satellite panchromatic image geo-referenced to 7.5 minute
U.S.G.5. quadrangles in a Universal Transvérse Mercator (UIM) projection, The
MRGIS data layers are currently in raster format although we can accept vector
data or convert raster data to vector for various analyses or for data

distribution.

Data Layers

Numerous problems have been encountered generating appropriate overlays.
Some data sources, problems, and solutions are depicted in Table 1. It shouid
be understood that many of these databases were not created with GIS entry in
mind and do not have the cartographic integrity of a photogrammetrically
developed map. Problems have been compounded by the‘fact that fhe rectified
SPOT data were more spatially resolved that National Map Accufacy Standards for
1:24,000 maps, making geo-referencing difficult and creating overlay problems at
common borders (eg., shorelines defined by soils vs. lénd use vsl flood zones).
Furthermore, many data are in scales smaller than 1:24,000, compounding overlay
difficulties. This does not present a problem if the limitations of the
analyses are understood and not misused. ‘For example, the future land-use data,
if originally developed by the county at 1:100,000 scale, cannot be applied to
individual zoning issues at a parcel level but can be used to project land-use
changes over larger portions of the watershed.

Complete watershed coverage has been built for flood zones, future land
use, and general land cover 1988. The estuarine portion of the watershed has
land cover 1950 and land cover 1982 completed. The status and specific problems

with several remaining data layers are as follows:
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1. Soil: Soil data have been recompiled, by the Soil Conservation
Service, and scan digitized for the LMR portion of Hillsborough County. Those
data are in the MRGIS and being corrected and quality checked. The data are
currently grouped by U.S.G.S. quad. Joining the quads (edge m;tching> to
provide a continuous watershed coverage has proven difficult due to the
complexity of soils polygons. Soil quads for the Manatee County portion of the
watershed have been received and joined to form a continuous coverage. Based on
preliminary observations, it appears that merging the soils data from Manatee
County with Hillsborough County will be challenging. Problems are occurring in
the edge matching process and disparate polygon labelling.

2. Elevation: The Southwest Florida Water Management Distfict is
providing this particular data layer. The data have been generated and we are
currently developing the methods and formats for data transfer.

3. Drainage: This data layer is the most tedious effort for compilation.
NHAP photos (1:50,000 scale) have been enlarged to 1:24,000 scale and detailed
drainage line work is being interpreted. This type of interpretation has not
been done for many areas in the U.S., particularly at the resolution being
attempted for this program. TFor example, individual drainage ditches within
agricultural fields are being identified, along with thelr connectivity to the
tributaries of the watershed. This will allow better analysis of sources of
waterborne constituents and will allow network analyses.

4. Land cover/Land use: A land cover layer has been developed for the
entire watershed. This was developed by the Florida Game and Freshwater Fish
Commission in cooperation with the FMRI. These data are for 1987 (from Landsat
Thematic Mapper) and provide a first look at land cover from a habitat and
runoff potential. A 1988 SPOT image is being used to complete adetailed land

use coverage. The land use data are being compiledat a 0.1 hectare resolution.



5. Watershed and subbasins: This data layer has been digitized from maps
provided from SWFWMD (Figure 2). We have judged the boundaries to be
inaccurate in many areas because the basiné were originally delineated in the
1970s. Substantial chanées have occurred in the drainage characteristics of the

watershed which need to be readdressed by the U.S5.G.S.

Tabular attribute data-

Tabular data, such as soils definitions,. bald eagle nesting locations,
LMR station locations and all of the associated water quality or fish
distribution data, permitted effluent discharges, and other digital data that
represent é singular geographic location are also required for analyses. The
biggest problem in working with these data are positional accuracies and data

exchange formats.

Quality Control and Assessment

Data quality control and assessment are extremely important in the
generation of the GIS data layers and their tabular attributes. The two
components of concern are cartographic integrity and data éccuracy (i.e., is it
where it chould be and is it being called the right thing?). When accessing
data bases outside the contrcl of FMRI, these issues are often difficult to
assess prior to data entry. Where we have control, such as in the soils
digitization, we have taken extreme measures to insure cértographic integrity
but we can only accept the Soil Conservation Services ability to properly
identify soils. In most cases accuracy assessment of the information has ﬁot
been completed by the parent organization. For data being developed at FMRI,
such as land use, statistical analyses of classification errors are being

conducted.



Data analyses

Numerous test analyses have been conducted on portions of the watershed
with many of the data layers. Only the results of an analy;es specific to water
quality data will be presented. The specific analyses addressed the issue of
what land covers comprise the drainage area (subwatersheds) of each of seven
water quality stations. This type of information, in conjunction with ﬁther
data layer information, canvbe used to assess the contribution of runoff to
water quality findings.

Table 2 summarizes the general coverage, in hectares, for each of the 7
water quality stations depicted in Figure 2. It should be noted that
subwatersheds are defined by station locations while subbasins are defined by
U.S.G.S. criteria. These data do not reflect subbasin aﬁalyses.

The entire watershed comprises 57,364 hectares (573.64 sq. kilometers).
Upland plant communities comprise 13% of the watershed and consist of pinelands
to hardwood forests. Wetland plant communities constitute 9% of the watershed
ranging from saltmarsh to hardwood swamp. Water bodies comprise 3% of the
watershed, not including the river and its tributaries.

Agriculture/éasture/barren constitute 75% of the watershed. This category
is very general and includes urban areas. Urban areas represent a small portion
of this percentage and will be well defined in the detailed land use data layer.
In Table 2 this category is representative for the subwatersheds except at ST7
which is the urbanized Sun City Center area.

Within each of the subwatersheds, the dominant land cover is
agriculture/pasture/barren with' a high of 90% at ST2 and a low of 63% at ST4.

Most of the areas .are in agriculture with a small percentage of pasture. At STl



the coverage is dominated by pasture rather that agriculture and at ST7 the
coverage is dominated by barren (or urban in this case).

Although these data have significance‘in their current form, the full power
of the data will be realized as the investigators begin to associate their
finding with the information in each data layer or by association of multiple
data layers.

Many analyses which have been conducted with the various data layers have
not been presented in this fin;l report due to the pictorial nature of the
results. Multiple layered analyses have been successfully tested and
preliminary results are being reviewed by local governmental planning agencies
through pictorial presentations of the data development process and analyses
results. A manuscripf titled Basisn-Wide Management summarizes some of the
analysis results (Task 1, Attaéhment A). In addition, a manuscript is currently
in preparation which describes the difficulties and solutions for digitizing
soils data in a cartograghically accurate base and summarizes analyses using
soils data. The focus of the soils analyses are on results applicable to

enhancing watershed management.

Future Work

The development of the LMR MRGIS data base is one of the most detailed and
extensive for any area in the U.S.. This is necessary due to the resolution of
the water quality and biological data being collected for the watershed. This
also means that the data base development must be of high accuracy if the
process is to be quantifiable. The unification of all of the watershed data
will result in the ability to quantitatively analyze the relationship between
upland development, wetland functions,'water quality, environment, and

ultimately the effects of changes of these parameters on the local fishery
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production. This has never been accomplished at the resolution being applied in
this program. The future work iﬁcludes the addition of data layers not yet
available at the needed resolution and repiacement of data layers which are
being used until better resolution data can be digitized. Substantial effort
must be placed on the integration and analyses of the disparate forms of data
for the watershed. In addition, the process and results need to be
systematically presented to state and local go&ernment in order to facilitate a
better understanding of the implications of their decisions on the IMR watershed.
This can only be accomplished by presentation of accurate and usable information.
The final accomplishment will be the transfer of the technology to management
agencies and implementation of applicable portions of the IMR GIS data

development and analyses approach to other regions of the State.

MRGIS Data Distribution

Numerous requests for data and data analyses continue as part of the CZM
MRGIS operations. Table 3 list some of the requesters for maps, data summaries,
and presentations between April and December 1930. It can take hours or weeks
to fulfill these requests depending on the area and types of data to be created
or extracted from the MRGIS. The reqﬁests can range, for example, from the
simple reproduction of an existing map of the Big Bend area to high level
mapping of the Lake Jackson Aquatic Preserve and the entire watershed. Table 3
does not reflect multiple requests from the same entity nor the many‘"over the
phone" requests which are completed with a few minutes of work.Collectively, the
data and other related requests consume a substantial portion of MRGIS
operations. We continue to believe that this effort contributes substantially
to improved natural resource decisions at federal, state, regional, and local

levels. To improve data distribution capabilities an 8 pen, 38 inch bed, Calcomp



plotter and a 300 dpi, coler, wax-thermal printer have been added to the MRGIS.
The plotter allows vector data to be 'printed at large scale from ARC/INFO. The
wax-thermal printer allows color printing of the raster data at high resolution
and with greater clarity than the inkjet printer. The color prints in this

report are from this hardcopy device.

MRGIS APPLICATIONS

The techniques developed with the MRGIS for wetlands mapping and trend
analyses are currently under evalua;ion by the NOAA Coastwatch Program and the
federal multi-agency Habitat Loss and Modification Working Group for
implementation of a nation-wide coastal wetland monitoring effort and for
evaluation of the "no net loss" policies being pianned by the various federal
agencies. The following section is a draft manuscript to be included in a USFWS
publication, whichAsummarizes the techniques and concepts applied to the MRGIS

mapping and trend analysis efforts.
MARINE WETLAND MAPPING AND MONITORING IN FLORIDA

INTRODUCTION

The State of Florida has one of the most extensive coastlines in the United
States and climatically ranges frpm tropical and sub-tropical to temperate.
This has resulted in a very complex and diverse assemblage of species and
habitat which are often unique and fragile. Florida's population growth is one
of the highest in the nation withvover 80% of state inhabitants living within 16
km of the coastline. The resultant impacts on our marine and estuarine
resources, although at times obvious, have been poorly understood, rarely

quantified, and assumed to be far reaching.



ECOSYSTEM ANALYSES AND MANAGEMENT

With such a diverse richness of Floriéa’s marine resources and a resultant
diverse group of users, management of the resources is not an easy task. This
is compounded by the rapid growth occurring in the State and its currently
unquantifiable impact on our marine resources.

A primary goal of the Florida Department of Natural Resources, Marine
Research Institute is to conduct research and synﬁhesize thaf research into
information which can be used to make sound resource management decisions. Most
marine resource management strategies and actions in Florida have been oriented
to Qingle species. As technical data on the status and trends of our coastal
and marine resources have becomé available, it has become evident that this
targeted approach to management is iﬁadequate over the long-term. Habitat has
been lost, species abundance has declined, polluted waters have reduced
shellfish harvest areas, and fisheries have been closed.

This realization has been stimulating the evolution of an ecosystem
approach to resource management. This approach is based on the fact that
without an understanding of species interactions, communities, community
interactions, and cumulative environmental impacts (natural and man-induced),

our management actions will often be reactive rather than preventive or

corrective.

HABITAT MAPPING AND TREND ANALYSES
A first step in building a digital ecosystem database is the determination
of the extent and location of critical habitat. In 1983 FMRI, through the NOAA
Office of Ocean and Coastal Resource Management and Department of Envirommental

Regulation, initiated a program to map and monitor coastal wetlands and



submerged habitat including saltmarsh, mangroves, submerged aquatics, oyster
reefs, and unconsolidated bottom. With such an expansive coastline in Florida,
unconventional methods for the mapping effort were analyzed.

Initially, mapping techniques were evaluated to determine cost, accuracy,
and production time comparisons between digital image processing of Landsat
Thematic Mapper (TM) data and cartographic aérial photography methods. A 69%
cost saving and 83% production time reduction was realized with TM data (Haddad
and Hoffman, 1985a)., It was also determined that aerial photograpby was often
needed for photointerpretation and digitization into the resource map when
submerged habitats were being mapped (Haddad and Hoffman, 1985b). Accuracies of
classification for both aerial photographs and TM data were >30% for marine
wetlands. Based on these results FMRI began a systematic mapping of Florida’s
estuarine and marine wetlands, excluding the Everglades National Park and
Biscayne Bay. That effort began in 1984 and was completed with updates in 1986

and required approximately 2 man . years of effort (1 man year = 2080 hrs).

TREND ANALYSES

Habitat trend analyses have also been completed for selected areas of the
State from the 1940's to the present. A major conclusion from the trend
analyses have been that submerged aquatics have often undergone the greatest
loss and this loss is no longer due to mechanical impacts but rather changes in
water quality. This is supported by the fact that losses often occuryin deeper
waters within the estuaries, suggesting insufficient light penetration as a
causative factor. Loss of marsh and mangrove has substantially decreased in

Florida and where sufficient protective measures have been established,

increases in aerial extent have been observed.



MAPPING TECHNIQUES
A decision on a base map was required early in the program. The base map
is the digital map to which all data are referenced. As is common for many
areas, none were not available in digital form on a statewide basis and the cost
or digitization was prohibitive. It was determined that the only reasonable
approach was to make the TM data the base'map and any additional map layers

(i.e., seagrass, oysters) would be digitally rectified to that base.

GEOGRAPHIC REFERENCING

™ d;ta consist of 6 spectral layers of information for each 1/4 acre (30m
X 30m) on tﬁe ground, and a thermal band with 4 acre resolution. Each spectral
band is rectified to 7.5 minute USGS Quadrangles in a UTM projection using a
bilinear interpeolation technique, Welch et al, 1985 have determined that this
type of proceﬁs can achieve accuracy‘standards for 1:50,000 scale maps and
approach standards for 1:24,000 scale maps. Rectification of the individual
spectral bands, rather than the finished product, is standard because of our

need to continually return to the raw data for additional analyses,

IMAGE ANALYSES

We have not developed a rigid protocol for statistical analysis of the
satellite»imagery data, but workable techniques have been standardized.
Numerous fypes,of statistics have been tested for their ability to classify
marine and estuarine wetlands and for computer processing times. Standard
classifiers‘such as the maximum likelihood, which can use either supervised or
unsupervised approaches to generate statistical clusters, have been found to be
processing intensive and cumbersome in a production operation. This observation

is based on our specific needs, relative to coastal wetlands, and does not

‘



consider the use of this approach for general mapping needs. With this type of
algorithm, and most algorithms in use, the higher the spatial resolutiomn tﬁe
more difficult it is to resolve confusion within and among classes. At some
point human intervention with a photointerpretive-like process is necessary.

Our approach has been to use a very rapid parallel-piped type of classifier
to initially process the date into 256 classes. The classifier is run on tbe
green, red, and near-infrared, and the red, near-infrared, and mid-infrared TM
spectral bands, respectively, 'to generate two statistical images. The first
image is pictorially similar to a colof-infrared photograph and can be image
interpreted by identifying those clusters which represent the wetland categories
of intérest. It is often advanfageous to use the second image because of its
accentuation on the infrared bands. In particular, we have found that the mid-
infrared band enhances our abiiity to differentiate wetlands. In many cases, we
use both images to selectively differentiate categories of interest with the
results being a third image comprised of the best clusters from each image.

AlthoughAthis approach is rapid and effective it still does not meet
accuracy standards expected for wetlands mapping when compared to interpretation
of photographs at similar spatial resolutions. The associative and subjective
analyses performed by a photointerpreter are not yet reproducible statistically.
On the other hand, use of the TM mid-infrared band can have advantages in
certain analyses where identification of different- levels of moisture content
enhance the ability to differentiate wetland types beyond those observable in an
infrared photograph.

Once the images are clustered as best can be statistically accomplished,
NHAP aerial photographs, existing National Wetlands Inventory (NWI) maps, ground
truthing, and a myriad of other data sources are used to identify or confirm

clusters which are not pure to a given wetland type. For example, some of the



clusters representing mangroves may be confused with a wet orange grove or a
freshwater wetland resulting in a 70% identification accuracy. The xemote
sensing literature has many examples of this type of confusion and reports the
statistical inaccuracies of this type of analysis. This reflects an academic
approach to image analyses and not a production approach. We routinely "fix"
the confused clusters by using simple digital manipulations based on the
interpreter’s assessment of tﬁe data. Orange groves and freshwater wetlands are
reclassed into appropriate categories often increasing identification accuracies
for mangroves >95%.

This flexible and rapid approach to wetlands mapping results in a high
accuracy product but only for wetlands. We routinely produce a final map
product which merges the wetland types with the original color infrared-like
image. By providing this pictorial image for the background déta, the user is
able to orient to the image and eliminate the need for a summary presentation of

the data not classified as wetlands.

SEAGRASSES

Seagrass mapping presents special problems for satellite image analyses.
Landsat only collects an image over a given area once every 16 days. This means
that conditions conducive to mapping must all coincide on that given day. If
the water is clear and clouds do not obscure the area, there is good potential
for using imagery for seagrass mapping. We have not found any statistical
analyses which adéquately define seagrasses, although we have had success in
limited cases. Variations in water clarity, water depth, and sediment type
preclude- the use of standard spectral analyses. The image must be manually
"photointerpreted"” in either the blue, green, or red spectral bands. Because of

these obstacles we commonly use aerial photography, either existing or



contractually flown, to map seagrasses. The photographs are photointerpreted,
rectified to the Landsat base map, and the seagrass coverage is conventionally

digitized as wetland types into the database.

HABITAT TREND ANALYSES TECHNIQUES

Trend analyses for coastal wetlands can be conducted with numerous
techniques. The creation of the data for actual analyses must be with caution
because, in most casés, it is difficult to separate errors in classification
from actual habitat changes. Trend analyses cannot be conducted on data that
use different classification systems that have not been normalized. 1In fact, it
is very difficult to compare data that have been interpreted by different
investigators using the same cléssification system if tedious interpretive
calibrations are not conducted. TIf done properly, habitat trend analyses can
provide valuable in§ights on impacts of habitat management regulations and

changes in resources which utilize those habitats.

HISTORICAL DATA

Historical analyses haﬁe been accomplished for a number of areas in Florida
by photointerpreting archived photographs from the 1930s to 1970s. We rectify
the interpreted data to the Landsat base map and table digitize them into a
separate data layer. When using aerial photography the interpretations often
must be transferred to a USGS quadrangle to geo-éorrect the data for spatial
inconsistencies prior to digitization. ﬁe can often bypass this step by using a
three point triangulation method when digitizing off the photographs; When
positicnal deviations are observed new péints are picked and the digitization
process if continued. If the interpretation of the historical photographs is

compatible to the TM analyses then trend analyses can be conducted. We have not



attempted to qomparelhistorical Landsat MSS data to the recent TM data because
of the uncertainties introduced by spectral and spatial resolution differences.
CONTEMPORARY DATA

When building a database for trend analyses it is important to create an
accurate habitat data layer to which historical and future data will be compared.
It is our conclusion that contemporary data should be that layer. The
contemporary data can be ground truthed and corrected for errors in
classification which cannot be done for historical photographs. This also gives
the investigator a "feel" for the area and increases the potential for accurate
interpretation of the historical photos. By expending initial efforts in the
creation of the contemporary data, a considerable reduction in effort is

realized when developing the historical database and conducting future map

updates.

DATABASE UPDATES

One approach to updating the habitat database is to remap a given area for .
comparison with the original maps. That process is time consuming. Since TM
data are digital we have developed a technique which takes advantage of that
attribute. ‘When working with a focused database, such as coastal wetlands, we
process the new TM data into 256 classes as previously described. This proﬂuces
an image, rectified to the base map, which can be manipulated to update the
original map. The original data are used to mask a given habitat which is then
compared in a very rudimentary fashion to the new TM image. For example, when
updating mangroves, we would use the original coverage of mangroves to locate
those areas in the new TM image which should contain mangroves. Mangroves, in

the new image, can be expected to fall within a specific range of statistical



clusters and those clusters which fall outside that range are identified as
potential areas of change. These areas can then be visually assessed to the
changes. In theory, an inverse process can be used to identify areas of
mangrove growth but we have not tested this approach due to insignificant
amounts of growth in wetlands since our initial mapping effort utilizing TM

data.

PROBLEMS WITH DISPARATE DATA

Figures 3-5 depict the results of the updating process except that we have
used mangroves digitized from a 1982 NWI aerial photographic mapping effort as
the mask to a 1987 TM image in order to show boLh the process and, if using
disparate data sources, the problems. The observed areas of change represent
differences in final product resolution, habitat classifications, and real
changes in habitat. Figure 3 is a general map of a coastal area of Tampa Bay,
Florida.  The data have been consolidated to 3 classes and are a digital
representation of the 1982 NWI map. Figuré 4 represents the statistically
clustered 1987 TM data for the area of mangroves delineated in the 1982 data.
Figure 5 shows those areas which were labelled as mangrove in 1982 but were not
classified as mangrove in 1987. Quantitatively the area was reduced from 2,952
ha of mangrove to 2,564 ha, a 13% loss. However, when investigating the changes
it becomes obvious that a large portion of that change is not real and
represents differences in interpretation techniques andrclassification systems.
Many of the smaller areas of change are actually uplands within the mangrove
complex. These typesvof features are averaged by the photointerpreter to become
mangroves even though the photography was 1:24,000 scale. In the photointerpre-
tation and digitization process it becomes impractical and costly to try to

delineate these features at that scale. The photointerpreter makes a conscious
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decision to delineate them or they are luﬁped into the mangrove classes; digital
processing automatically maintains their separationm.

The utilization of classification sysfems also contributes to discrepancies
in data updating. The NWI maps are based on the Cowardin system while the State
of Florida uses a modified Anderson system tailored to state needs. In Figure
5, a 162 ha area defined by NWI as mangrove falls outside the spectral clusters
we consider mangrove. In fact, this is a salt flat which has 30% or less
mangrove and would never be classified as mangrove. To confuse the process
further, this same area was called the equivalent of a salt flat in the 1950 NWI
analyses and thus shows a misleading increase of 162 ha of mangroves Qithin the
same classification system.

The point to be made is trend analyses must be conducted with caution and
with a full evaluation and understanding of the data being comparéd. In fact,
of the 388 ha change between 1982 and 1987 less than 17 ha are due to real
change (<1% change). If the original image used was TM rather than NWI then the
data updating would not have the problems that have been identified. This does

not indicate that one process is better than the other, just that they are

different.

CLASSIFICATION SYSTEMS

The importance of the classification system cannot be under estimated when
using satellite image processing for habitat delineation. This is something
which must be addressed in the initial stages of a mapping program. Since we
have been primarily mapping coastal wetlands we have chosen to tailor our
classification to Florida wetlands by name. Thus we name a saltmarsh complex a
saltmarsh and if we go to the mnext level of delineation we wouid name Juncus and

Spartina as components of that complex. Our classification, at that point,



could be cross referenced with either the NWI Cowardin system or the Anderson
system. Because we are working with raster data at 30m spétial resolution we
have categories that consist of marsh and water. These areas are often
presented‘as a marsh/water category which is not used in most classification
systems.

It has been our observation that the TM analyses can be better tun?d to the
Anderson system and can have major discrepancies with the Cowardin system. It
is best to determine the limits of the classification systems relative to TM
processing and develop a hybrid system. If this is not done, much effort can be
spent attempting to force a classification of the data and reduce the ability to

efficiently conduct trend analyses.

CONCLUSIONS

The Florida Marine Research Institute has developed and implemented a
coastal mapping effort designed for efficient and cost effective mapping and
monitoring of Florida's geographically expansive coastal wetlands. A
combination of Landsat satellite imagery, aerial photography, ground truthing,
and ancillary map data are used to produce digital maps from a Landsat TM map
base. We have 'described, in a very general preéentation, the techniques and
concepts we employ in the map making and subsequent habitat trend analyses. The
success of this effort has been based on the flexibility built into the
standardization of the mapping process.

Many issues such as ground truthing and digital and hardcopy data
distribution have not been discussed. All require substantial planning and can
" become major operational components of an effective program. We have also
evaluatéd SPOT satellite data for mapping efficiency and do use SPOT data when

higher resolution mapping is required.. The spectral superiority (particularly



the mid-infrared bands) and the lower costs of Landsat TM data make its use more
advantageous for large geographic areas.

Although our habitat mapping effort is important, it has little long-term
meaning if the habitat is not considered as part of an ecosystem. The wetlands
are just one layer of information, out of many, that we are building in the
Marine Resource Geographic Information System. Linkage to dredge and fill
permits and other types of permits which allow us to reconstruct permitted
habitat losses which cannot be mapped is being investigated. Concurrent with
our mapping efforts we are conducting field pesearch to quantitatively assess
specles utilization and production within the different habitats. All of these
efforts will eventually provide the information necessary to implement an

ecosystem approach to coastal resource management.
REFERENCES

Haddad, K.D. and B.A. Harris. 1985a. Use of remote sensing to assess estuarine
habitats., Pp. 662-675 In O.T. Mégoon, H. Converse, D. Minor, D. Clark, and L.T.
Tobin (eds.), Coastal Zone ‘85, Proceedings of the Fourth Symposium on Coastal
and Ocean Management, Vol. 1. New York. American Society of Civil Engineers.

1294 pp.

Haddad, K.D. and B.A. Harris. 1985b. Assessment and trends of Florida's marine
fisheries habitat: an integration of aerial photography and thematic mapper
imagery. Pp. 130-138 In S.K. Mengel and D.B. Morrison (eds.), Machine
Processing of Remotely Sensed Data. West Lafayette, In. Purdue University. 370

PP-



Welch, R., T.R. Jordon, and M. Ehlers. 1985. Comparative evaluation of
geodetic accuracy and cartographic potential of Landsat-4 and Landsat-5 thematic

mapper image data. Photogram. Eng. and Remote Sensing 51(11):1799-1812.

Example of a MRGIS Application

Since inclusion of all the analyses conducted on the MRGIS is not feasible
in this final report an example has been selected to demonstrate a single
application. The application used data being included in the MRGIS data base
for individual estuaries and was the fesult of a fisheries application request
rather than the more common growth management application requests.

The Florida Marine Fisheries Commission is charged With developing rules
for the states fisﬁeries management., One of the common problems in the
management and rulé making process is the lack of information. The MRGIS has
recently been presented to the Commission as a tool for providing information in
a format better suited for certain types of data. A first application of the
MRGIS in the fisheries management process is being focused on the evaluation of
curreht estuarine shrimping areas relative to natural resources, bathymetry,
nursery areas, and eventually to current rules and regulations.

Figure 6 depicts the MRGIS applications concept to the shrimping
information data base. A primary management question concerns the potential
impacts of shrimping on the natural resources, particularly seagrasses which
grow in the shallower portions of our estuaries. Figure 7 depicts and
summarizes the MRGIS analytical approach in determining shrimping areas that
impact seagrasses and the depth of the seagrasses that are impacted. The
results of this analysis provide the managers with pictorial and quan;itative
assessments of existing management impacts and the results of potential

management decisions. Figures 8-12 depict data layers used in the analyses and



the results for Apalachicola Bay. The figgres are simplified and much reduced
in scale for presentation purposes. Figures 8-10 show the data layers used in
the analyses. Figure 11 presents the location of resources by depth which are
within shrimping areas. This particular analyses includes both éeagrasses and
oyster reefs. Figure 12 depicts only seagrasses, within the shrimping areas,
which are impacted and demonstrates that for Apalachicola Bay potential impacts
are minimal.

Table 4 summarizes a similar analysis for Tampa Bay with quite different
results. Tampa Bay has both bait and food shrimping and the areas fished are
significaﬁtly different. Approximately 19,164 acres of bay bottom are bait
shrimping area. Forty four percent of that area is comprised of seagrass and
90% of the seagrass occurs in depths of <3 ft.. 1If the Commission were to
consider restricting shrimping to >3 ft. then 55% of the bait shrimping area
would be eliminated while 90% of the seagrasses would be removed from the
potential impact of bait shrimping. On the other hand food shrimping would
still be allowed to occur over 98% of the exiting food shrimping areas.

These types of analyses have not previously been available in fisheries
management and the potential for improving the fisheries management and rule

making process 1s substantial.

Interface Tabular Data to the MRGIS

A full }ink to DBASIII+ has been accomplished. The DER STORET and permit
data bases were evaluated for linkage to the MRGIS. Although it appears to be
technically feasible an evaluation of the data itself has been advised prior to
expending effort in data conversion, Positional accuracies and certain aspects

of the quality of data need to be evaluated. A full link to the DNR/USFWS



manatee mortalitf_data base has been completed. Approximately 66% of those data
had to be upgraded for positional accuracy.

It appears that positional accuracy (i.e. location of the data point in UTM
or Lat/Lon) is a pervasive problem in tabular data. This may be due to lack of
quality control, technical difficulties in locating a ground point, data
originally not planned for link to a GIS, and many other reasons. In many cases
these limitations can be overcome by modifying the types of analyses conducted
with the data. But it becomes difficult to use the MRGIS to determine the
submerged bottom resources at the location of a manatee mortality in the Indian
River Lagoon when many of the points fall on land, Interstate 95, and in New
York.

Figure 13 depicts the Little Manatee River watershed and its tributaries
and was prﬁduced digitally on the MRGIS. The boxes located in the watershed
represent well water pumping stations. These data were converted from the
SWFWMD mainframe data base and linked to the MRGIS though the DBAS interface.
Each data record contains information on a given well (ie., pumping rates) and
the fields of information within a record can be sorted for presentation and
analyses relative to the map‘layefs in the MRGIS. Numerous interactive analyses
can Be conducted with these or any other data with positional locations
attached.

The DBAS interface continues to be upgraded with additional capabilities
and is proving to be one of the most important software advances on the.MRGIS

and in raster data analyses.

Multi-spectral Video Imaging System

In this task we proposed to test the airborne imaging system for high

resolution data collection using a small aircraft. This was not accomplished



due to the priorities of the other portions of MRGIS operations. In particular,
it was believed that the data dissemination effort were priority and we were
backlogging requests which we considered important to fill. Test were conducted

to determine the functionality of the equipment and future testing is planned.
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Al . W

Upland Wetland Agriculture
Plant Plant Pasture
Station Communities - Communities Water Barren Total
ST1 624 718 208 i 6,577 8,127
ST2 151 61 1 1,848 2,061
ST3 4,281 1,527 226 17,169 23,203
ST4 . 2,531 1,060 47 6,249 9,887
STS 77 79 26 862 1,044
ST6 6,515 3,115 1,684 27,989 39,303
ST7 127 341 42 1,636 2,146
(urban)
Total , '
.Watershed 7,337 5,301 1,859 42,870 57,364

Table 2. Distribution, in hectares, of major land-cover types for the sub
watershed drainage areas defined by the. location of water quality stations.
Note: ST7 is urban rather than Agriculture.
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TABLE 3. List of MRGIS data requests and presentations (April 1989-Dec.

1989)

1. East Central Florida Regional Planning Council

2. Florida Department of Transportation :

3. Department of Natural Resources - Terra Geia Aquatic Preserve

4. Bionetics, Kennedy Space Center

5. Plamming and Zoning Department, Volusia County

6. Envirommental Management Dept., Pinellas County

7. West Side Fire Dept., Bradenton, FL

8. Tampa Bay Regional Planning Council

9. T.A. Herbert and Associates, Tallahassee, FL

10. Rookery Bay National Estuarine Research Reserve

11. American Friends Service Committee, Tampa Bay Area

12. Committee on Environmental Regulation, Tallahassee, FL

13. University of Florida, Zoology Dept.

14. Florida Oceanographic Society

15. Department of Natural Resources - Bureau of Aquatic Preserves

16. Wakulla County Planning Dept. »

17. The Conservancy, Naples, FL

18. State of Florida - Office of the Governor

19. USDA Soil Conservation Service

20. Department of Natural Resources - Marathon Laboratory

21. NOAA/National Marine Fisheries Services

22. Bureau of Seafood Marketing

23. Earth Observation Satellite Company

24. SPOT Image Corporation

25. US EPA, Washington

26, Army Corp., Mobile District, Alabama

27. Duval Audubon Society

28. State of Florida Information Resource Commission

29. DNR Executive Office

30. City of Naples

31. Commission on the Future of Floridas Environment

32, State of Florida Auditor Generals Office

33. Federal/State Gulf of Mexico Program

34. Technical Resources Inc.

35. Office of the Governor/Office of Planning and Budget

36. Tampa College "River Quest" presentation

37. Marine Mammal Commission presentation

38. Nichols State Univ. La presentation

39. Florida Council of Yacht Clubs presentation

40. SPOT Conference Orlando presentation

41. Univ. of Fla.

42, Fla. Institute of Technology

43. South Florida Water Management District

44, South West Florida Water Management District

45, Eckerd College

46. Manatee County

47. Coastal Zone 89 presentation _

48. Federal Interagency Habitat loss and modification working group
(including presentation)

49. Texas Dept. of Wildlife and Parks

50. NOAA/Strategic Assessment Branch

51. NOAA/National Oceanographic Data Center presentation



Table 3. Continued

52. NOAA/National Ocean Survey/Coastwatch
53. Chesapeake Bay Task Force presentation
54. FL. ASM University ‘
55. Univ. S. Florida Regional GIS Workshop presentation
56. Division of Forestry presentation

57. GIS/LIS

58. Florida Marine Fisheries Commission

59. Maynard Hiss

60. University of Rhode Island

6l. U.S. Fish and Wildlife Service, Atlanta
62. US EPA Atlanta

63. Dauphin Island Sea Lab, Alabama

64. Suwannee River Water Management District
65. N.W. Florida Water Management District
66. Tampa Tribune

67. St. Petersburg Times

68. Bradenton Herald

69. Miami Herald

70. New York Times

71. Time Magazine

72. Massachusetts Institute of Technology
73. USFWS National Wetlands Research Centerx
74. Dept. of Community Affairs ‘

75. Senator James Kirkpatrick



DEPTH

< 3 Feet
3 to 6 Feet
> 6 Feet

Total

TAMPA BAY

DEPTH OF SEAGRASSES WITHIN SHRIMP HARVEST AREAS

BAIT SHRIMPING

SEAGRASS ACRES
SHRIMPED

DEPTH

7582

0347

< 3 Feet

3 to 6 Feet

DEPTH

< 3 Feet’

3 to 6 Feet

> 6 Feet

Total

Table 4.

> 6 Feet

90%

04%
06%

100%

SHRIMPED

2831 27%
4556 42%
3313 31

10,700 100%

NON-SEAGRASS ACRES

IF BAIT IS REGULATED BY DEETH

FOOD SHRIMPING

SEAGRASS ACRES
SHRIMPED

o
0
0

0

SHRIMPING

AREA

54%

26%

20%

TOTAL AREA

SHRIMPED

10,413 548
4,903 26%
3,848 20%

19,164 100%

REDUCED

NON-SEAGRASS ACRES

seagrass trawled during shrimping efforts in Tampa Bay.

SHRIMPED
0040 0%
0575 2%

32,209 98%

32,824 100%

Summary of MRGIS analyses results to determine the amount and depth of



Base Map REMOTE SENSING
SPOT |
Panchromatic REMOTE SENSING
Image
Land Cover REMOTE' SENSING
1950 | )
Land Cover REMOTE SENSING
1982
Land Cover. REMOTE SENSING
1988 ‘
. REMOTE SENSING
Soils
Elevation | REMOTE SENSING

Tabular data

Flood Zones

Future Land REMOTE SENSING
Use

Drainage

Transportation

Public Lands

Boundaries

Jurisdictional ’

Water quality parameters
Fisheries data

Fla. Natural Areas Inventory
Permitted discharges

" Hydroloagy

Hydrological parameters l " Etcetera }
Soils attributes ’

Figurel : Some of the data layers being implemented on the MRGIS

' for the LMR watershed. ' Those layers dependent on remote
sensing are noted, Tabular data to be linked to the data
layers are also noted.
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1987 Thematic Mapper data classified as mangroves in

Figure 5

n 1987.

i

ove

1982, but not classified as mang:




+GIS CONCEPT

an Living Resources

B Bottom Depth

)
o

Shrimping Areas

1
1
1

RN

Jurisdiction

Average Salinity -

Tabular Data

Marinas
Channel Location

Laws

Boat Ramps

/

MANAGEMENT

Figuré 6 : Conceptual application of GIS to shrimp management.



MRGIS ANALYSIS

PROGRAM STATEMENTS

10 IF (CH4-17) 20, 50, 30
20 IF (CH4-15) 30, 50, 50
30 CHO=0

40 RETURN

50 IF (CH1-04) 60, 60, 60
60 CHO=CH?2

70 RETURN

80 END

WHAT THE PROGRAM DOES
10 IF THE AREA IS A SHRIMPING AREA LOOK AT THE DEPTH; IF NOT, LEAVE AS IS.
20 IF DEPTH IS < 3 FEET TO > 6 FEET, LOOK AT THE BOTIOM RESOURCE.

30 IF THE BOTTOM RESOURCE IS SEAGRASS, THEN PRINT THE DEPTH OF THE SEAGRASS.

Figure 7. Query and summary of an analysis to determine depth of seagrasses
that are trawled for shrimp. ’
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Task IT. Methodologies for measuring habitat carrying capacity

and fisheries utilization.

CARRYING CAPACITY

Gear Testing:

This activity continued in Cockroach Bay during 1989 with an
emphaéis on guantitative methods for sampling juvenile and small
adult fishes 1in seagrass beds as well as unvegetated shallow-
water habitats. As mentioned in the April 1989 Final Report, the
preferred type of sampling gear for seagrass beds (based on

previous testing) was a 1 m2

roving dropnet (RDN). This sampling
gear 1is, howéQer, highly selective for demersal and semi-demersal
species. Thus, in 1989 we began testing two types of sampling
gear designed to guantitatively collect pelagic species: a 120 m
pull~through seine (PTS) and a 1 m? bow-mounted pushnet (BMEN).

The RDN and associated sampling methodology were described in
the 1986, 1987, and April 1989 Final Reports. RDN sampling was
conducted once or twice per month with five to twelve drops being
executed on éach sampling date.

The PTS is similar to the long-haul seine described by
Kjelson and Johnson (1975). Our version of this net is 122 m
iong by 2.4 m deep with a 2.4 by 2.4 by 2.4 m bag at one end and
a seine pole attached to the bag end. The net is deployed in a
circular configuration by boat. When the circle is completed, a
seine pole is driven into the substrate beside the attached pole
but on the outside of the net. Thus, as the boat continues

closing the circle the net is forced between two seine poles.



This procedure reduces escapement by maintaining the net in an
upright position with weights on or near the substrate and floats
at the surface. The circle is closed until only the bag portion
of the net remains, and this portion is then gathered onto the
boat. Nineteen sets were conducted with this net during June,
August, and September 1989.

The BMPN is similar to that described bf Kriete and Loesch
(1980). Our net has an opening of 1 m2, is 3 m long, and is
constructed of 3.2 mm mesh. It is attached to an aluminum frame
that is fitted to the bow of a 5 m outboard boat and is equipped
with a flow meter. Testing of this sampling gear was quite
preliminary dﬁfing the time period covered by this report. Oniy
11 samples were collected in July and August, and details such as
tow duration, sampling depth, etc., are still being evaluated.
For this reason the only comparison of this gear with the other

two will be in terms of species richness and relative abundance

of dominant species.
Species Richness and Abundance:

Although final identifications are not complete for all
samples collected during the report period, preliminary results
can be presented for our three types of sampling gear. Number of
species collected by each sampling gear were as follows: RDN, 35
species; PTS, 49 species; and BMPN, 16 species. The latter total
was undoubtedly affected by the paucity of samples. The RDN
total compared favorably with the 1988 total of 38 species.

Rank abundance of species indicated relatively greater



abundance of pelagic species in PTS and BMPN samples and greater
abundance of demersal and semi-demersal species in DN samples

(Table 1). Abundant pelagic species included Anchoa mitchilli,

Harenqula jaguana, and Opisthonema oglinum (see Appendix A for

common names of fish species). A. mitchili was obviously of
relatively greater importance in PTS and BMPN samples, only 1
specimen of H. jaguana was collected by the RDN, and no specimens

of 0. oglinum were collected by the RDN. Chloroscombrus

chrysurus is a schooling species probably similar in habits and
habitat to the above-mentioned pelagic species and was only
important in BMPN samples. Demersal or semi-demersal species

(i.e., thosehgéherally associated with the bottom or some other

substrate such as seagrass blades) included Bairdiella chrysoura,

Lagodon rhomboides, Eucinostomus spp., Lucania parva, Syngnathus

scovelli, and Gobiocsoma spp. Four members of thisvgroup were the

top four species in abundance in RDN collections.
Density Comparisons:

Comparisons of densities for selected species in August 1989
RDN versus PTS samples again indicated the marked difference in
selectivity of these two types of sampling gear (Table 2).
Species that we have utilized in this comparison include most of
those listed among the dominants in Table 1 plus the economically

valuable species Cynoscion nebulosus. Mean calculated densities

were 2.8 and 16 times greater, respectively, in PTS samples for
the pelagic species A. mitchilli and H. jaguana, while another

pelagic species, 0. oglinum, ranked among the top few species in



density in PTS samples but was absent from RDN samples. On the
other hand, densities for six demersal or semi~demersal species
ranged from 3.2 to more than 30 times greater in RDN than in PTS
samples.

In summary, our data indicate that accurate measurement of
habitat carrying capacity in areas such as Cockroach Bay would be
impossible with either the RDN or PTS alcne, although a
combination of these two types of gear may yield reasonable
estimates fish populations densities in .such areas. The eventual
role of the BMPN in these studies is unclear at this timg. Data

collected by the RDN to date may be used to make reasonable

predictions regarding densities of several demersal or semi-
demersal species to be expected per area of a Tampa Bay seagrass

bed.

HABITAT UTILIZATION

Methods:

The Little Manatee River was sampled approximately biweekly
from January through September 1989. Fishes were sampled.with a
22.7 m bag seine (15 sites per sampling date), a 9 m bag seine (2
sites), and a 6.1 m otter trawl (11 sites). 1In 1988 we used a
3.6 m otter trawl and did not use the smaller seine. Mesh size
in both seines and in the cod end liner of the trawl was 3.2 mm.
Station locations ranged from the mouth of the river (Station 1,
Fig. 1) upstream to nearly permanent freshwater (Station 6, Fig.

1) . During the nine-month period covered by this report,



300,058 specimens (representing at least 87'Species) were
collected, identified, and measured.

Seven physical/chemical parameters were measured at each of
the six sampling stations on each samplihg data (see April 1989
Final Report). The discussion below will emphasize salinity,
water temperature, dissolved oxygen, and pH. Values for these
parameters over the first nine months of 1989 will be presented
and compared with the same period in 1988.

Fish community data will be presented below at two different
levels. First, we will present a brief comparison of the entire
community in 1988 versus 1989. Second, we will concentrate on 17

species’ that are either numerically dominant or of considerable

economic value. These species will be compared and contrasted in
terms of seasonal and spatial distribution and distribution in
relation to salinity. Wherever possible, data will be compared
between 1988 and 1989. This presentation is meant to illustrate
just some of the ecological data available in our data set.
Distribution of fishes in the Little Manatee River is obviously
not determined by a single factor such as salinity, and, upon
completion of the 1989 data set, we will begin multivariate
analyses in hopes of determining the relative importance of
various habitat variables in determining the distribution of key
species in this systemn.

We would like to mention at this point that our specimens
and data regafding exotic fishes of the genus Tilapia are
cufrently being examined by J. D. Williams and D. Jennings of the

U. 8. Fish and Wildlife Service in Gainesville, Florida. Tilapia



.

spp. are well-established and often abundant in some Little
Manatee River collections, and we believe that they could have a
significant impact on fish community dynamics in this systen.
Dr. Williams and Ms. Jennings are conducting a nationwide survey
of Tilapia populations and are among the few persons qualified to

identify the various species (especially as juveniles).
Station Descriptions:

All stations were at the same locations as presented in the
April 1989 Final Report with some minor variations in sampling
scheme and exact sample sites (Fig. 1). The number of trawl tows
was decreased\from three to two at Stations 1, 3, and 4 and from
three to one at Stations 5 and 6. At Station 3 the 22.7 m seine
was utilized at 2 sites on oppostie banks of the river (former
sites 3A and C), while a third seine haul was conducted with the
9 m seine just inside the mouth of a small creek entering the
river at Sun City Heritage Park. At Station 4 an additional
seine haul was conducted with the 9 m seine in a small cove just
upstream of the Interstate 75 bridge. And, finally, the number
of seine hauls at Stations 5 and 6 was reduced from- three to two
(on opposite banks of the river). All of the deletions were made
in an effort to reduce time wasted in unproductive or redundant
sampling and seem to have had little effect on the overall scheme
of fish distribution represented in our data base. The two new
sites were added in an effort to include microhabitats not

sampled in the previous scheme.



Physical/Chemical Data:

Salinity values varied markedly over this period, and
Sseasonal patterns often differed from those exhibited in 1988,
At sites 1A and 1C there was less stratification between surface
and bottom salinities in 1989, and the decrease from high summer
values occurred in July instead of August (Figs. 2 and 3).
Overall, however, the salinity range was relatively restricted
and values were generally higher at these sites in 1989.
Although the data set is incomplete for 1989, patterns at sites
22 and 2B seemed similar between years with relatively low (but
fluctuating) values in winter and spring, high values in mid-
summer, and relatively low values in late summer-early fall
(Figs. 4 and 5). Surface-bottom stratification was not
pronounced in either year, and salinity ranges were similar
although values never reached as low as 0 ppt in 1989. Site 2C
also exhibited similar patterns between years, but stratification
was much greater in 1988 (Fig. 6). Also, surface salinities
often ranged much lower in 1988, especially in spring and late
summer-early fall. Site 3B was not stratified in either year and
showed a late spring-summer increase in salinity in both years
(Fig._?). Values did, however, fluctuate more widely between
sampling periods in 1989 and fewer zero or near zero values were
recorded. Site 4A was also poorly stratified with values peaking
in summer (Fig. 8). Again, however, fewer zero values were
recorded in the low salinity periods. At sites 5A and 6A
stratification and seasonal pattern were similar between years,

but the summer salinity peak was higher in 1989 (Figs. 9 and 10).



In fact, the May and June values for site 6A were the only non-
zero salinity values that we have recorded at that site. In
summary, salinity patterns were somewhat similar between 1988 and
1589, but values were often somewhat higher in the latter year,
especially at upstream stations. |

As in 1988 dissolved oxygen values generally peaked in
winter-spring, decreased during summer, and often increased
somewhat during fall (Figs. 11-13). Stratification was greatest
at sites 2C and 4A, where bottom values were much lower than
surface values on several dates, and seasonal dissolved oxygen
depression was again greatest at sites 2C, 3B, and 4A.

Temperagafé patterns were nearly identical among stations
and were similar between years (Figs. 14-~16). In both years
temperatures increased from January through May and remained at a
stable 25 to 30° C through September. The major difference
between years was in the minimum recorded temperatures: as low as
8% ¢ in 1988 versus 16° ¢ in 1989. Temperature stratification
was minimal.

Values for pH exhibited little vertical stratification but
varied markedly among seasons and stations as well as between
years (Figs. 17-19). At Stations 1 and 2 values fluctuated but
were notably lower from winter through mid-summér than in late
summer-early fall. This pattern was somewhat reversed in 1988
and fluctuations were much less marked. At Station 3 the above-
mentioned seasonal pattern was not evident, and fluctuations
were, again, greater than in 1988. At Station 4 pH decreased in

May and June, increased markedly in July, and decreased again in
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late July through September. In 1988 values were relatively
stable over these months. At Stations 5 and 6 pH values
exhibited wide fluctuations with peaks ih winter, spring, and
summér and éenerally low values in late summer-fall. The peak
values in 1989 (pH>8) were never reached during this same time
period in 1988 although similar values were recorded in October

through December.
Fish Community:

Despite the incomplete 1989 data set, the dominant species
in the Little Manatee River were similar in 1988 and 1989 at the
two most downstream stations but varied more upstream (Table 3).
At Station 1 the dominant five species were‘exactly the same in

both years. Station 2 rankings were only changed by the reversal

of Eucinostomus spp. and Leiostomus xanthurus. At Station 3 two
species that were relatively more important further upstream in

1988, Gambusia affinis and Poecilia latipinna, entered the top

five in 1989 replacing Eucinostomus spp. and Brevoortia spp.

This trend was directly related to the addition of the new seine
site in the creek mouth at this station: most G. affinis and P.
latipinna were collected at this site. We must also mention,

however, that several large samples of both Eucinostomus spp. and

Brevocrtia spp. were preserved in 1989 for verification of
identification and that addition of these samples to the data
base might affect the rankings of these two groups at several
stations. The top five species at Station 4 were nearly

identical (with some rearrangement) except for the fact that




Eucinostomus spp. replaced Brevoortia spp. At Station 5 gobies

became more important in 1989 with Gobiosoma spp. and Microgobius
gulosus entering the top five list. Finélly, at Station 6 four
of the top five species are identical but M. gqulosus replaced

Fundulus seminolis. In both years perhaps the most striking.

factor in these data was the overriding numerical importance of A.

mitchilli over the entire estuarine portion of this river.
Distribution of 17 selected fish species among 16 salinity
categories exhibited reasonably good consistency between years

(Table 4). Five species (Fundulus seminolis, Lucania goodei,

Gambusia affinis, Poecilia latipinna, and Trinectes maculatus)
exhibited a strong preference for fresh or oligohaline waters

(categories 0 to ca. 3), while four species (Fundulus similjis,

Lagodon rhomboides, Bailrdiella chrysoura, and Cynoscion

nebulosus) displayed a preference for mesohaline to polyhaline
waters (ca. category 4 and above). Of the remaining eight

species, Microgobius gulosus and Centropomus undecimalis were

most common in freshwater but ranged widely along the salinity

gradient; Menidia spp. and Leiostomus xanthurus were somewhat
more abundant in more saline waters but were also widely

distributed; and Anchoa mitchilli, Cynoscion arenarius, Sciaenops

ocellatus, and Mugil cephalus were scattered throughout mostly

the freshwater to mesohaline portions of the spectrumn. Most of
the differences in salinity distribution between years were
slight, and most were in the form of a slight shift towards
higher salinities in 1982. In some cases these differences might

reflect the slightly higher salinities throughout the study area



in 1989, but in four of the most obvious cases (i.e., A.

mitchilli, G. affinis, P. latipinna, and C. undecimalis) these

differences were directly related to the addition of the creek
site at Station 3 (all four species were collected in significant
numbers at this site). Furthermore, the data from this site may
be misleading since salinity was recorded outside of the mouth of
this creek, and the seine was pulled into the creek. Salinities
will be recorded well inside the creek in 1990.

Distribution of these same 17 species among our six sampling
stations was reasonably consistent with the salinity data
presented above and compared favorably between years (Table 5).
The five low¥§élinity forms were obviously most abundant at
Stations 4 through 6. Pronounced differences between years were
noted in G. affinis and P. latipinna: in both species relative
numbers were much higher at Station 3 in 1989 than in 1988. This
trend was, again, directly related to the addition of the creek
site at Station 3. Among the four meschaline to polyhaline
forms, more than 50% of the specimens were collected at Station 1
in both years. This assoclation was most pronounced in L.
rhomboides, especially in 1989. ©None of these species
demonstrated a pronounced expansion of range due to the slightly
higher overall salinities in 1989. O0f the remaining eight
species A. mitchilli was most common at Stations 3 and 4 but was
relatively numerous in at least one of the years at each of
Stations 1 through 5, Menidia spp. were most common at Stations
1 and 2 but were also relatively numerous at Stations 3 and 4, C.

undecimalis was most numerous at Stations 3 and 4 with relative




numbers at Station 2 being greater in 1988 than in 1989, C.
arenarius was most common at Station 3 in both years with
significant numbers only at Stations 1 through 4, L. xanthurus
was most numerous at Stations 2 and 3 in 1988 and Stations 1 and
3 in 1989 with significant numbers only at Stations 1 through 4,
S. ocellatus was concentrated at Stations 2 through 3 in both
years, M. cephalus was most numerous at Stations 2 and 3 in 1988
and at Stations 3 and 4 in 1989, and M. dqulosus was most numerous
at Stations 4 and 5 in 1988 and at Stations 4 and 6 in 1989 with
significant numbers at Stations 2 through 6. Again, none of.
these distributional patterns indicated a marked shift related to
the generally higher salinities in 1989.

Numbers of specimens collected per month for some of these
same species demonstrated some pronounced seasonal trends in
abundance and generally agreed fairly well between years (Figs.
20-23). Periods of peak abundance usually represented peak
juvenile recruitment into the river. Among the species figured,
L. rhomboides, L. xanthurus, and E. cephalus reached peak
abundance in winter and spring; S. ocellatus peaked in fall and

early winter; and B. chrysoura, C. arenarius, C. nebulosus, and

M. gulosus peaked from late spring through early fall. B.
chrysoura seasonal numbers were distinctly bimodal with peaks in

May and August-September in both years. Finally, peak abundances

for several species (i.e., C. arenarius, C. nebulosus, L.

xanthurus, M. gephalus, and M. gulosus) ranged from one to two
months earlier in 1989 than in 1988.

Mean standard length of specimens captured at each station

Al



exhibited moderate to pronounced patterns of differential size
distribution in several species, and these patterns were generally
consistent between years (Fig. 24). Larger specimens of A.
mitchilli and F. similis were generally found at the river mouth.
larger C. arenarius, on ﬁhe other hand, exhibited a marked
tendency to occur further upstream, and this tendency remained
obvious in both years when the data were analyzed for indiviudal
months during peak recruitment (Fig. 25).

In conclusion, distributional patterns of fishes in the
Little Manatee River were fairly consistent between years despite
the incomplete status of the 1989 déta set. The higher'overali‘
salinity values for 1989 were not reflected in any wholesale
changes in distribution among the species considered in detail
(although a close examination of the data for Station 6 did
indicate a reduction in numbers of some of the freshwater species
during the May and June period of high salinity). We would
predict, however, that such wholesale changes would occur with
more radical interannual differences in salinity patterns.
Finally, as we mentioned above, it was obvious that a variety of
factors controlled the distribution of fish species in this
riverine system and that multivariate analyses along with
integration of these data with MRGIS habitat information will be

necessary to obtain an understanding of observed patterns.
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Table 1: Numerically dominant species in collections made in
Cockroach Bay in 1989. Acronyms for different types of
sampling gear and complete species names defined in text.

BMPN

A. mitchilli

B. chrysoura
C. chrysurus
L. rhomboides

Eucinostomus spp.

#
310
182
35
23

21

s}

L. rhomboides 1145

L. parva 407
S. scovelli 204

Gobiosoma spp. 166

A. mitchilli 161

RDN o _#

g

TS

o

. mitchilli

B. chrysoura

H. jaguana
Eucinostonus
0. oglinum

spp.

-
64329
6363
5176
1487

1115



Table 2: Density calculations for selected species based on
August 1989 RDN and PTS samples (#/ mz). Three sample dates/
gear. Full species names in text.

RDN | | PTS

Species Mean Range Mean nggg

A. mitchilli 4.57 0.31-10.2 12.59 <0.01-35.78
H. jaguana 0.03 0.00- 0.10 0.48 0.10- 1.24
0. oglinum 0.00  =memmem———- 0.18 0.00- 0.52
S. scovelli 0.22 0.06- 0.40 <0.01 = —-———m————-
B. chrysoura 0.64 0.50- 0.71 0.20 0.07- 0.38
C. nebulosus 0.07 0.00- 0.13 0.01 - <0.01- 0.03
Eucinostomus 0.42 0.00- 0.81 0.04 <0.01- 0.10

spp.‘M '

L. rhomboides  0.64 0.38- 0.80 0.05 0.02~ 0.07
Gobiosoma spp. 0.30 0.00~- 0.71 <0.01 e




Table 3: Most abundant fish species from six sampling

stations in the Little Manatee River; 1988 vs.

1988

Menidia spp.

Anchoa mitchilli
Lagodon rhomboides
Eucinstomus spp.
Lejostomus xanthurus

Anchoa mitchillj
Menidia spp.
Leiostomus xanthurus

Eucinostomus spp.
Fundulus similis

Anchoa mitchilli
Menidia spp.
Leiostomus xanthurus

Eucinostomus spp.
Brevoortia spp.

Anchoa mitchilli
Gambusia affinis
Brevoortia spp.
Menidia spp.
Trinectes maculatus

Gambusia affinis
Anchoa mitchilli
Trinectes maculatus
Brevoortia spp.
Poecilia latipinna

Anchoa mitchilli
Trinectes maculatus
Gambusia affinis
Lucania goodei
Fundulus seminolis

1989,
Total v Total
collected 1989 collected
STATION 1
14,141 Menid:a spp. 31,205
11,479 Anchoa mitchilli 28,897
7,662 Lagodon rhomboides 8,395
3,356 Bucinostomus spp. 5,702
2,972 Leiostomus xanthurus 3,825
STATION 2
36,342 Anchoa mitchilli 19,898
10,798 Menidia spp. 15,291
5,061 Eucinostomus spp. 2,668
4,142 Leiostomus xanthurus 695
1,016 Fundulus similis 633
STATION 3
48,034 Anchoa mitchilli 43,899
7,590 Menidia spp. 9,864
5,071 Gambusia affinis 6,068
3,814 Poecilia latipinna 2,067
1,674 Leiostomus xanthurus 1,080
STATION 4
64,731 Anchoa mitchilli 48,719
11,042 Menidia spp. 6,727
8,240 Gambusia affinis 3,278
6,472 Trinectes maculatus 2,250
3,011 Eucinostomus spp. 1,516
STATION 5
21,162 Anchoa mitchilli 8,225
18,510 Gambusia affinis 3,794
- 7,470 Trinectes maculatus 2,175
4,814 Gobiosoma spp. 1,687
4,569 Microgobius gulosus 474
STATICN 6 . ’
15,117 Anchoa mitchilli 6,846
9,055 Gambusia affinis 2,201
9,046 Trinectes maculatus 2,135
2,252 Lucania parva 725
2,081 Microgobius gulosus 693



Table 4. Distribution of selected fish species in the Little Manatee River in relation to surface salinity catego-

0) 0.0-0.5 , 1) 0.6-2.0, 2) 2.1-4.0, 3) 4.1-6.0, 4) 6.1-8.0, 5)

8.1-

ry, 1988 and 1989. Categories as follows:
10.0, 6) 10.1-12.0, 7) 12.1-14.0, 8) 14.1-16.0, 9) 16.1-18.0, 10) 18.1-20.0, 11) 20.1-22.0, 12) 22.1-24.0, 13)
24.1-26.0, 14) 26.1-28.0, 15) 28.1-30.0. caught

in a given year.

(kod

(Bal

1cy

o

. mitehilli

1988
1989

1988
1989

. seminolis

1988
1989

. goodei

1988
1989

. affinis

1988
1989

. latipinna

1988
1989

Menidia spp.

1

-

[}

1988
1989

. undecimalis

1988
1989

rhomboides
1988
1989

. chrysoura

© 1988
1989

. arenarius

1988
1989

SALINITY CATEGORY

Atl numbers are percentages of the total numbers of that species

o 1 2 3 4 5 6 7 8 9 10 11 12 13 1% 15
24 1 27 3 10 2 7 6 4 2

8 6 7 21 8 1 21 9 20

%“ 3 4 2 4 3 1 5 5 9 7 16 17 9
302 6 4 1 1 s 17 3 16 29 5 T 1
85 3 8 1 2 1 1

8 5 3 2 5 i

99 T~ 1

% 1 301 2

94 2 2 1 1 1

51 15 13 1B 1 2 1

89 2 6 2 1

o162 8 2

S 8 5 4 9 4 10 1 8 9 2 7T 7 6 10

6 1 7 2 4 3 5 3 12 3 7 1 25 3
49 41 5 3 3

3 10 1% 1 30 3 36 1
18 2 1 13 3 6 ] 2 9 1 4 5 15 19

2 17 18 3 20 9 2
5 5 3 5 4 16 1 13 3 6 127 1

2 7 1 2 30 6 033 1 20
% 19 6 2 2 23 2 4

22 10 31 5 12 1 4 10 2 2



Table 4. Continued.
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

C. nebulosus

1988 5 4 1 1 6 1% 15 11 18 8 5 3 9

1989 4 2 7 1 2 2 2 39 9 30 1
L. xanthurus

1988 11 19 1 6 11 17 7 5 3 3N 1 2 2

1989 4 12 1 5 [4 6 3 4 3 50 1 2 3
S. ocellatus

1988 19 16 13 11 13 9 5 7 5 2

1989 24 30 2 20 4 5 13 1 1
M. cephalus .

1988 10 2% 2 3 12 8 19 9 4 3 2 3 2

1989 14 8 40 8 3 2 2 13 4 3 1 1
M. gulosus ]

1988 62 47 3 1 5 2 1 1 8 2 2 9

1989 63 3 12 3 4 3 2 2 3 2 2 1
T. maculatus

1988 93 2 1 1 1 1 1

1989 81 A 5 1 2 2 1 1 2



A
Table 5. Distribution of selected fish species among six
sampling stations in the Little Manatee River, 1988 and 1989.
Station locations described in text. Numbers are percentages of
the total number of that species caught in a given year.

STATION
1 2 3 4 5 6

A, mitchilli

1988 6 19 25 33 10 8

1989 18 13 28 31 5 4
F. similis

1988 51 24 22 3

1989 66 20 14
F. seminolis

1988 1 1 11 58 30

1989 1 34 28 38
L. goodei -

19887 1 22 - 77

188¢ 1 18 80
G. affinis

1988 : . 27 51 22

1989 39 21 25 14
P. latipinna

1988 2 19 65 13

1989 4 56 30 6 4
Menidia spp.

1988 36 27 19 16 1

1989 49 24 15 11 1
C. undecimalis

1988 26 26 36 10 3

1989 1 3 64 31 1
L. rhomboides

1988 70 8 4 18 1

1989 90 6 2 2
B. chrysoura

1988 68 9 9 13 1

1989 69 21 7 3
€. arenarius

1988 26 17 41 . 15

1989 3 14 50 33



Table 5. Continued.
STATION
1 2 3 ' 4 5 6

C. nebulosus

1988 63 13 11 12 1

1989 53 28 15 2 1
L. xanthurus

1988 20 35 35 9 2

1989 58 11 16 14 1
8. ocellatus

1988 8 25 55 11 1

1989 2 18 47 30 3
M. cephalus

1988 14 33 50 3

1989 11 13 29 47

1988 5 19 14 24 32 6

1989 3 10 10 40 15 22
T. maculatus

1988 1l 5 15 36 44

1989 1 1 4 32 31 30
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APPENDIX A

Common names of selected fishes from the Little Manatee River and

Cockroach Bay. All names based on Robins'et al. (1980)°.

Anchoa mitchilli

b

Brevoortia spp.

Harenqula Jjaguana

Opisthonema oglinum

Fundulus seminolis

Fundulus similis

Lucania goodei

Lucania parva

Gambusia affinis

Poecilia latipinna

Menidia spp.°

Syngnathus scovelli

Centropomus undecimalis

Chloroscombrus chrysurus

Eucinostomus spp.d

Lagodon rhomboides

"Bairdiella chrysoura

Cynoscion arenarius

Cynoscion nebulosus

ILeiostomus xanthurus

Sciaenops ocellatus

Mugil cephalus

Gobiosoma spp.€

bay anchovy
menhaden

scaled sardine
Atlantic thread herring
Seminole killifish
longnose killifish
bluefin killifish
rainwater killifish
mosquitofish
sailfin molly
silversides

gulf pipefish

sSnook

Atlantic bumper
mojarras

pinfish

silver perch

sand seatrout

.spotted seatrout

spot
red drum
striped mullet

gobies



APPENDIX A (cont.)

Microgobius gulosus clown.goby

Trinectes maculatus hogchoker

drobins, ¢. R., R. M. Bailey, C. E. Bond, J. R. Brooker, E. A.
Lachner, R. N. Lea, and W. B. Scott. 1980. A 1iét of common and
scientific names of fishes from the United States and canada
(fourth edition). Amer. Fish. Soc., Spec. Publ. 12, 174 p.

bIncluding B. patronus and B. smithi.

€Including M. peninsulae and M. beryllina.
d

Including E. harenqulus and E. gqula.

©Including G. bosci and G. robustum.




oL - TASK III: PHYSIOLOGICAL RESPONSES OF THE
SEAGRASS, Thalassia festudinum, TO HYPOXIC STRESS AND LIGHT
REDUCTION.

INTRODUCTION

The critical habitat value of seagrass meadows has been

" demonstrated for hundreds of fish and invertebrate species,

prompting concern over werldwide declines in seagrass bed area
wherever coastal areas and estuaries are exposed to human
development. Dramatic losses of seagrasses have occurred in West
Australia, the CcCaribbean, Europe, and the continental United
States. Within the United States, extensive declines cof
seagrass beds have been documented in the Northeast United
States, Chesapeake Bay, and Florida.

The decline of seagrasses in Florida has occurred at an alarming
rate. Previous research by DNR personnel, funded by the CZIM
program, has~documented seagrass losses in Tampa Bay, Charlotte
Harbor, and the Indian River. Areal declines in seagrass beds
have been estimated at one third for Charlotte Harbor and one
half for Tampa Bay for the 40 years prior to 1982. Seagrass
losses have also occurred in the Indian River lagoon.

While some Florida seagrass beds have been 1lost directly to
dredge and £ill, much of the loss has been due to gradual "die-
back" of seagrass beds in response to poorly-understood stresses.
We use the term "die-back" to describe the gradual decrease in
size, density, and productivity of seagrass beds. For reasons
which are not clear, turtle grass, Thalassia testudinum, appears
to be more susceptible to die-back than the other two seagrass
species (Halodule wrightii and Syringodium filiforme). The
mechanism most frequently suggested as the cause of seagrass die-
back is decreased productivity due to shading. Shading, in turn,
may result from sediment resuspension, phytoplankton blooms, or
epiphyte growth. All of these processes, 1in turn, may be
accelerated or exacerbated by human activity, perhaps explaining
the anthropogenic contribution to seagrass dieback.

Our research has studied the etiology of seagrass die-back
processes, based on the underlying hypothesis that natural and
anthropogenic stressors, such as shading, cause seagrass die-back
by induction of hypoxia (ie. suffocation) or sulfide toxicity in
roots or rhizomes. Significant results of CZM-funded research to
date in our lab include: 1. Demonstration of sulfide uptake and
detoxification by seagrasses using stable sulfur isotope ratios
of plant tissue; 2. Thalassia tolerates sediment sulfide
concentrations as high as 3 millimoles per liter, considerably
more than typically occurs in sediments of Tampa Bay, Charlotte
Harbor, or Indian River. 3. Thalassia rhizomes in Tampa Bay,
Charlotte Harbor, and Indian River have high levels of ethanol



and an enzyme which catalyzes ethanol production (alcohol
dehydrogenase, ADH), suggesting that hypoxic stress occurs
frequently. We conclude that, while Thalassia is able to
detoxify sulfide and survive hypoxic stress under normal
conditions, chronic stress, natural or anthropogenic, may cause
die-back.

OBJECTIVES

To better understand the adaptation and capacity of Thalassia

testudinum and other seagrass species to hypoxia and synergistic,
chronic stresses, we outlined three sub~tasks for research this
- fiscal year.

1. Development and refinement of physiological analysis
techniques.

Total free amino acid (TFAA)- concentrations in rhizome tissue
are of great interest because 1. free amino acids may be involved
in hypoxic stress responses and 2. gqualitative amino acid
analyses are -tedious and expensive. No published technique has
proven satisfactory for the simultaneous analysis of primary and
secondary amino acids in the same sample, so we modified two
existing techniques to make a single procedure which gives
reliable estimates of both primary and secondary amino acids on
the same sample.

A number of different solvents and treatments have been described
in the scientific literature for extraction of amino acids and
other proximate constituents from plant and animal tissue. There
seem to be important quantitative and qualitative differences
among procedures, so we also tested the efficiency of several
extraction solvents and treatments in extracting amino acids from
freeze-dried Thalassia rhizome tissue.

2. Field experiments to test the synergistic effects of shadlng
on rhizome hypoxia.

Two field experiments were conducted during this fiscal year. In
July 1989, we performed a short-term experiment, using a
complete, randomized-block design to test the effects of rhizome
severance, water column anoxia, and shading on Thalagsia.

We also performed ethanol and ADH analyses on a long-term
Thalassia shading study performed by other FMRI researchers.

The study began in March 1989 and was sampled - for several
growth~related parameters. We sampled hypoxic metabolites on 7
September 1989 to take advantage of shortening daylengths and
warm water temperatures which enhance hypoxic stress.



3. Laboratory experiments were also carried out to examine the
hypoxic stress responses of the three seagrass species Thalassia
testudinum, Halodule wrightii, and Syringodium filiforme, under
controlled conditions. ) o

The results of three such experiments are reported below. The
first experiment tested differences in aerobic respiration rates
and hypoxic responses of Thalassia rhizome apices and mature
segments. The second experiment focused on the anaerobic ethanol
production rates of Thalassia, while the third measured aerobic
respiration rates and anaerobic ethanol production rates of all
three seagrass species.

METHODS

1. Physiological Analysis Techniques

Total Free Amino Acid Concentrations (TFAA)- Our technique uses
o-phthaldialdehyde (OPA) to create a product with amino acids
which can be detected by fluorescence with an excitation
wavelength of 405 nm and an emission wavelength of 450 nm.
Because OPA reacts only with primary amino acids, we use sodium
hypochlorite (NaOCl) to oxidize secondary amino acids, such as
proline and hydroxyproline, to primary amino acids.

Freeze-dried Thalassia rhizome tissue was extracted with four
solutions: 70% ethanol, 3.75% sulfosalicylic acid, 0.1 N sulfuric
acid, and 1.0 N sulfuric acid. Each of these extractions was
performed under five treatment conditions: zroom temperature for
one hour, room temperature for four hours, overnight at 40 C,
sonication for two minutes followed by one hour at room
temperature, and microwaving followed by one hour at room
temperature. Extraction of 5-10 mg of tissue with 1.0 ml solvent
was performed in 1.8 ml polypropylene micro-centrifuge tubes.

After extraction, tubes were centrifuged, and supernatant (50 ul)
from each microcentrifuge tube was transferred to each of two
fluorometers cuvettes containing 2.5 ml distilled water. OPA
reagent (2.5 ml) was added immediately to one cuvette of each
pair for the analysis of primary amino acids. Secondary amino
acids (proline and hydroxyproline) were measured in the other
cuvette by adding sodium hypochlorite buffer (100 ul) and
microwaving for 20 seconds before addition of OPA reagent. The
fluorescence of the OPA/amino acid complex was measured using a
Turner Model 111 fluorometer with F4T5B lamp, 7-60 primary
filter, and paired 5-60 and 3 secondary filters.



2. Field Experiments

The short-term experiment used a complete, randomized-block,
experimental design to test the effects of three variables on
rhizome gas concentrations and hypoxic stress. The variables
tested were 1. presence or absence of light, 2. water column
oxygen status, and 3. rhizome integrity. Light was excluded from
dark treatments by inverting an opaque 5-gallon bucket over a
circular patch (30 cm diameter) of seagrass bed; light treatments
had no bucket over them. Water column oxygen concentrations were
manipulated by covering patches of seagrass with clear plastic
sleeves: we anticipated that oxygen dissolved in water within the
sleeves would be rapidly depleted at night. Dark/Aerobic
treatments were covered by inverted, opaque buckets through which
ambient water was circulated by small, submersible bilge pumps.
Rhizome integrity was disrupted by enclosing plots with buckets
and cutting rhizomes around the exterior perimeter of buckets.
Two replicate 5-gallon buckets were used for each treatment.
Buckets were placed over seagrass plots at 1300-1500 h one day,
and samples were harvested from each bucket the following
afternoon. .
We also sampled ADH and ethanol concentrations in Thalassia
rhizome tissue from a long-term shading study. Six replicate
plots of Thalassia, 3 in approximately 1.0 m deep water and 3 in
approximately 1.8 m deep water, were shaded with neutral density
screen. Shade treatments began March 1989, and we sampled
rhizome tissue in September 1989.

3. Laboratory Experiments

Methods for all seven lab experiments were similar. Rhizomes with
an intact apex and at least two photosynthetic short shoots were
collected from Tampa Bay or Florida Bay seagrass beds. Rhizome
segments were surface-sterilized by immersion in 10%
Chlorox/seawater and antibiotics (polymixin/nitrofurantion, 250
mg of each per liter ASW).

Tissues were incubated in 10 glass, closed, 20-ml syringes with
air headspaces for 24 hours before being flooded with a helium
headspace to induce hypoxic stress. Syringes were incubated in
the dark, immersed in seawater to maintain temperature stability
and reduce diffusive fluxes between the syringe headspace and the
atmosphere.

Headspace gas concentrations were monitored periodically by gas
chromatography. In early experiments, ethanol production was
measured in the headspace of the syringe, as well. However,
tissue was harvested for ethanol in later incubations.

4. Statistical Analyses- for all experiments were performed using
one- and two-way analyses of variance and Duncan’s multiple range
tests (SAS Institute, 1987).
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RESULTS AND DISCUSSION

1. Physiological Analysis Techniques (TFAA)-

OPA (o-pthalaldialdehyde) is typically used for pre- or post-
column derivatization of amino acids for HPLC. However, our
adaptation of the reagent to a manual technique produced
reproducible, linear, standard curves for all primary amino acids
tested in the concentration range from 0.5 to 40 umoles/liter
(Figure 1.1). Slopes of standard curves for glutamine, glutamic
acid, arginine, glycine, and alanine were not signficantly
different, especially when the OPA reagent was made freshly each
morning. The F4T5 lamp, used with the 7-60 primary filter, gave a
higher blank value than the F4T4 lamp. The F4T5 lamp was chosen
for the analysis because it caused less rapid degradation of the
fluorescent OPA-amine acid product. Minimum blank wvalues were
obtained using freshly-made OPA reagent and double-distilled
water for dilution of sanples.

Standard curves. for proline determined by hypochlorite oxidation
before reaction with OPA had slopes approximately 1/3 those of
primary amino acids. Yield was not significantly altered by
changing the strength or volume of oxidizing buffer or by
increasing the microwave exposure time. The consistency of the

'slopes for the proline standard curve, however, suggested that 1.

oxidation of proline by hypochlorite was quantitative, but 2. the
preline-OPA product may have had less intense fluorescence.
Approximately 7% of the primary amino acid remained after
oxidation, making it necessary to <correct —calculated
concentrations of secondary amino acids for residual primary
amino acids.

Results of the extraction experiment (Table 1.1) showed that no
single combination of solvent and treatment yielded the highest
recovery of both primary and secondary amino acids from Thalassia
rhizomes. Greatest recoveries of primary and secondary amino
acids from Thalassia rhizome tissue were obtained by sonication
with sulfosalicylic acid (3.75% ag) and extraction with sulfuric
acid (1.0 N) for 24 hours at 4- ¥C, respectively. The latter
treatment, however, was unsuitable because it significantly
decreased recoveries of primary amino acids.

The two techniques vyielding the best overall extraction
efficiencies for both primary and secondary amino acids were 1)
sonication with 3.75% sulfosalicylic acid and 2) sulfuric acid

(1.0 N) extraction at room temperature for 1 hour. The
sulfosalicylic acid technique recovered 100% and 87.4% of
primary and secondary amino acids, respectively. Sulfuric acid

(1N) held at room temperature for 1 hour extracted 88.1% of the
primary amino acids and 97.9% of the secondary amino acids. The
overall extraction efficiencies of the two techniques were 94.9%
for 1 N sulfuric acid and 91.2% for sulfosalicylic acid.
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2. Field Experiments-

The short-term experiments performed at Fort Desoto, July 19,
1989 demonstrated the physiclogical integration of Thalassia
short shoots (Table 1.2). Light/dark treatments had only
marginally significant effects on rhizome oxygen concentrations
and no effects on rhizome carbon dioxide and methane. Restricted
circulation in the water above the experimental plots

(open/closed treatments) had virtually no effect on rhizome carbon

dioxide and oxygen and a very small effect on rhizome methane.
cutting rhizome connections around the perimeter of each bucket,
however, caused dramatic effects on all three gases within
Thalassia rhizomes. These data indicate a high degree of
physiological integration among short shoots along a given
rhizome, allowing photosynthetically-active short-shoots to
support the oxygen needs of rhizome apices growing at depth in
the sediments. '

Responses of Thalassia to the field shading treatments were mixed
(Table 1.3). Although Hall (et al.) found statistically
significant differences in turnover time of above-ground biomass
between their deep shade treatment and all other treatments,
there were no significant differences in rhizome ADH activity
among the treatments. Ethanol was undetectable in all but three

samples from the entire experiment and showed no significant

day/night or treatment-related differences.

Lack of hypoxic stress responses in the shading experiment may be
due to the high wave energy, coarse-grained sediments, and low
turbidity at this site. Even Thalassia in the deep shade
treatment at this site may receive sufficient 1light to meet the
respiratory needs of its belowground tissue, especially if the
chemical and biological oxygen demand of the sediments is low.

Turnover times of above-ground biomass from this site and a
turbid, low-energy site sampled by Carlson and Acker (1985)
support this hypothesis. Turnover times measure the time
required for the plant to replace its total inventory of leaf and
shoot material; healthy, fast-growing plants generally have low
turnover times. When plants are stressed, turnover times
increase as the result of slower growth rates and longer
retention times for leaves. At the low-energy site, significant
growth reduction occurred within 3 weeks after shade treatments
 began. At the present site, 6 months elapsed before significant
changes in turnover time developed. Furthermore, the turnover
times for unshaded, control treatments at the low-energy site
were comparable to the deep shade treatment at the high-energy
site. Turnover time of shaded Thalassia at the low-energy site
was double that of the deep shade treatment and five times
greater than the shallow shade treatment.



TABLE 1.2: ANALYSIS OF VARIANCE FOR SHORT-TERM HYPOXIA FIELD
EXPERIMENTS. Fort DeSoto, July 19, 1989. A. Analyses of variance-
Data are F-Ratios and p-values; Values of p ¥ 0.05 denote significant
effects of independent variable (treatment) on dependent variables (gas
concentrations). B. Multiple Range Tests- Data are gas concentrations;
values within each horizontal line which have the same letter subscript
are not significantly different.

A. Analysis of Variance

Rhizome Gas Concentration (%)

Treatment Carbon Dioxide Oxygen Methane
F-Ratio P F-Ratio P F~Ratio P
Light/Dark __ 0.03 0.86 2.84  0.11 1.25 0.28
Aerobic/Anoxic 0.00 0.99 0.00 0.96 1.17 0.29
Rhizome Cut 5.58 0.03%* 7.56 0.01% 138.7 0.0003%*

B. Multiple Range Tests

Treatment
Parameter DCC DCU DOC DOU LCC LCU LocC LOU
" Methane 6.5 3.2 5.6 2.4 nd 2.3 4.4 1.9
a abc ab bc bc abc c
oxygen 13.4 13.5 6.2 20.6 nd 22.1 15.2 23.1
ab ab b a a ab a
Carbon 6.6 7.3 11.5 2.9 nd 5.4 8.5 4.6
Dioxide ab ab a b ' ab ab ab




TABLE 1.3: GROWTH AND PHYSIOLOGICAL CHARACTERISTICS OF SHADED Thalassia
testudinum. Tampa Bay shading study sampled September 5-9, 1989.
Numbers within each column which have the same letter postscript are not
significantly different. - L

Parameter
ADH Activity Ethanol  Turnover! Turnover?
Site Treatment (umol/gFW min) (umol /gFW) (days) (days)
Shallow Control 4.17 a ud 30.2 a 118 a
Shade 4.27 a ud 49.9 a 227 b
Deep Control | . 4.61 a ud 44.7 a -

Shade 4,18 a v ud 112.4 b -

1 Hall, Tomasko, and Courtney (in preparation)
2 carlson and Acker (nearby site, 1985)



3. Laboratory Hypoxia Experiments-

In initial laboratory experiments (Table 1.4), rhizome alcochol
dehydrogenase (ADH) activity was significantly higher in mature
rhizome segments exposed to anaerobic conditions for 96 hours
than initial samples or rhizome tissue incubated in air for a
comparable period. Over 96 hours, however, apical ADH activity
declined significantly from initial values. ADH activity of
mature and apical tissue incubated in air for 96 hours were not
signficantly different from initial values. This experiment
demonstrated 1) that ethanol production is the primary adaptive
strategy of Thalassia for tolerating rhizome hypoxia, but 2) the
capacity of rhizome apices to sustain prolonged periods of stress
is less than that of mature rhizome segments.

Estimation of rhizome ethanol concentrations - from the
concentrations in syringe headspace proved unreliable because of
the high solubility of ethanol in water. If any water was
present in a syringe, the water rapidly scavenged ethanol from
the headspace. Subsequent experiments relied on destructive
sampling of the rhizome tissue at the end of each incubation
and/or sequential harvest of tissue during the incubation.

Experiments using sequential harvest of rhizome tissue were very
successful. The first experiment used only apical tissue from
Thalassia rhizomes (Figure 1.2), and segments were harvested at
varying intervals from 1 to 48 hours. Mean ethanol production
rate for the experiment was 1.1 umoles per gram fresh weight
rhizome per hour. Anaerobic carbon dioxide production rates were
0.87 umoles/ gram/ hour, suggesting slight 1losses of co, to
dissolution in the water present.

Preliminary experiments comparing mature rhizome segments of
Halodule, Syringodium, and Thalassia demonstrated signficant
rates of ethanol production under anaerobic conditions for all
three species (Figure 1.3). Halodule rhizome segments had the
highest ethanol production rates (1.73 umoles gFW'l hour™ ),
Syringodium was intermediate with 0.85 umoles gFW - hour -, and
Thalassia had the lowest rates (0.61 gFW - hour ). Lower rates
for Thalassia in this experiment than the previous experiment

prgbably' resulted from lower incubation temperatures (25°C vs
30-¢C).

CONCLUSIONS

Ethanol production (fermentation) is an extremely primitive and
costly strategy  for tolerance of anoxia, yet it is consistent
with the taxonomic ranking of Thalassia in the botanical family
Hydrocharitaceae. This family includes many seagrasses and
aquatic macrophytes. Its costliness arises from the fact that
each mole of glucose which is oxidized anaerobically will produce
only 2 moles of ATP for cellular metabolism rather than 38 moles
of ATP produced by aerocbic respiration. At the same time,
ethanol is auto-toxic to plant tissue, so many ethanol-producing



TABLE 1.4: ETHANOL AND ALCOHOL DEHYDROGENASE PRODUCTION IN RHIZOMES OF
Thalassia testudinum. Rhizome Hypoxia Experiment 2. Aerobic and
anaerobic incubations were held for 96 hours in glass syringes filled
with air and helium, respectively. ADH activity is expressed as umoles
ethanol per gram fresh weight rhizome tissue per minute; ethanol
concentration as umoles per gram fresh weight rhizome tissue.

Treatment

Parameter/ Tissue Initial Aerobic Anaerobic
Alcohol Dehydrogenase Activity

Rhizome Apex 4.89 be 4.44 b 2.34 c

Mature Rhizome 3.68 bc 3.06 bc 8.16 a
Headspace Ethanol

Rhizome Apex nd 0.01 0.51

Mature Rhizome nd 0.07 0.83
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species have adapted to allow ethancl to diffuse rapidly from
their roots into the surrounding sediments or water. Ethanol
diffusing into seagrass sediments may <also exacerbate sulfide
stress by stimulating anerobic sulfate-reducing bacteria.

Organisms in fluctuating environments typically possess both
avoidance and adaptive responses to stressors. For exanple,
mobile organisms exposed to hypoxic water may first avoid stress
by leaving the area. However, if an extensive area is affected,
these same organisms may become gquiescent and lower their
respiratory rates in response to lowered oxygen concentrations in
the water. Not all organisms have evenly balanced avoidance and
adaptive strategies for stressors; frequently one strategy,
either avoidance or adaptive, dominates within an organism.

The reliance of Thalassia on fermentation as a adaptive response
to anoxia may result from its well-developed adaptations for
avoiding anoxia. Thalassia possesses a well-developed system of

air spaces (lacunae or aerenchyma) which provide a continuous

path for photosynthetically-produced oxygen to diffuse +to
belowground tissue. Under all but the most extreme conditions,
this mechanism protects belowgroung tissues from hypoxic
conditions in surrounding sediments. However, when respiratory
rates are high and oxygen production is minimal (e.g., late
summer nights), fermentation provides a short-term adaptive
response and maintains tissue viability.

We must also consider the possibility of endosymbiotic micro-
organisms in seagrass roots and rhizomes which oxidize ethanol
and prevent autotoxicity within the plant. Ethanol-oxidizing
symbionts would explain discrepancies between potential ADH
activities measured in rhizome tissue and rates of ethanol
production in laboratory incubations of root and rhizome tissue.



A. Effect of carbon source on Thalassia growth and carbon
isotopic composition.

A general assumption in past studies using stable isotope
compositions of organic matter to trace carbon flow in ecosystenms is
that the isotopic compositions of organic matter sources are
distinctive and relatively invariate (Benner et al., 1987). However,
seagrass carbon isotopic composition is subject to variation at
several levels and these variations may lead to ambiguities in.
assessing their trophic importance (Fry et al., 1987). Both

laboratory and field studies suggest that this variation may be due to

S

isotopic changes in dissolved inorganic carbon (McMillan and Smith,
1982; Zieman et al., 1985). The goal of this research task is to
elucidate, in a more definitive manner, the magnitude (and possibly
the mechanism) of these effects. Two approaches -have been employed.
The first approach has been to culture Thalassia seedlings in natural
sediments and ashed sediments ammended with heavy end member (dried
Thalassia leaves, del 13c=-6 to -12 ppt) and light end member (dried
Aviccenia, del 13c= -25 to -30 ppt) organic matter. Other treatments
include no amendment (control), a standard growth media (Jiffy-7 peat
pellets, del 13cs -27 ppt), and ashed sediments bubbled wiﬁh Co, gas,
which is isotopically very light (del 13c——40 to-60 ppt). This last
treatment was used to induce a maximum potential shift effect.

Because of the presence of microorganisms in the above system,
observed patterns may be affected by the extent of carbon cycling and
the relative contributions of DIC versus DOC. Therefore a second
experimental system was employed which used a similar experimental

design as above, except with sterile media and axenic seedlings. The



results from this series should allow for the determination of source
(DIC vs DOC) versus process (i.e. remineralization) effects.

‘Growth, as determined from green leaf afea measurements (Durako
and Moffler, 1981), was monitored monthly. After three, six, . and
nine months in culture, four seedlings from each treatment were

"harvested for biomass determinations. Overlying water and new leaf
material was also sampled and the del 13¢ values of DIC and organic
matter was determined using standard methods. A

RESULTS

Biomass data from-aquarium cultures indicate a high degree of
variability ihubiomass accumulation and resource allocation patterns
(Table 1). The decrease in biomass between 3 and 6 months in culture
was the result of a breakdown of the temperature control equipment in
the culture room. This resulted in extreme temperature fluctuations
for a several day period and the seedlings were visibly stressed. The
continued decline in biomass from 6 to 9 months indicates that the
seedlings never fully recovered from the earlier stress event. Growth
(as biomass accumulation) was highest in the natural sediment
treatment at 6 months, however, by 9 months biomass was comparatively
greatér in both amended-sediment treatments and in the ashed
sediments. The relativiley ﬁigh root:shoot (R:S) ratios inthe ashed
sediment and natural sediment treatments indicate that these seedlings
may be experiencing some type of nutrient limitation. Relatively good
growth was also evident in the Avicennia-ammended sediment treatment
and these seedlings had 1low R:S raties indicating nutrient
sufficiency. |

Stable carbon isotope data from the aquarium treatments reveals



the influence of carbon source and concentration on seedling isotope
signatures (Table 2). Dell3c values for the peat pellets and the
Avicennia leaves are about -26 ppt, comparéd to the value for the
Thalassia leaves of about =-10 ppt. The leaves of the seedlings were
1.5-2.0 ppt lighter in the former treatments compared to the latter
(mean= -13.1 and -13.5 compared to -11.54), after 6 months in culture.
However, after 9 months seedlings in the Thalassia-amended sediment
treatment were lighter (mean=-22.2 compared to -18.3 and -21.0).

The importance of dissolved inorganic concentration (DIC) is most
clearly seen in the CO, bubbled and control treatments. The de1t3c
value for thé'coz gas used for the first three months was -11.3 ppt
{surprisingly heavy and due to the synthetic source of the gas, a
problem which was corrected at month 3 with gas from another
supplier). This dell3c value is almost the same as the normal value
for Thalassia. However, the dell3c values for the seedlings in this
treatment were very light (mean= -~24.67). The bubbling resulted in 4-
fold increase in DIC, and the much lighter carbon isotope values of
the seedlings reflect greater isotopic descrimination at the enzyme
level. In contrast, DIC concentrations were lowest in the control
treatment and the seedlings in this treatment had relatively heavy
carbon 1isotope signatures. In fact, the trend 1in isotopic
discrimination (del dell3c the difference between the DIC and the
plant de1l3c values) in all treatments corresponded closely with the
differences in DIC céncentrations (increasing as [DIC] increased),
suggesting differing degrees of carbon limitation. The increase in
discrimination may also réflect a decreasing carbon contribution from

stored seed reserves (del 13¢ of seed approximatély ~7 ppt).



Biomass data from axeniq tube cultures indicate that no root
production in media with organic‘carboﬁ additions (Table 3). There
was also little biomass difference between the 1light and dark
treatments suggesting the seedlings were using stored seed reserves
for most of their growth. Seedlings in sucrose-amended Von Stosch media
accumulated more biomass after 3 months in culture, but  after 6
months they had less biomass, especially in the shoot fraction, than
seedlings in unamended VS media.

‘, pel 13¢c aqata from. the axenic seedlings reveals definite
assimilation of sucrose (Table 4). Seedlings in both the 1 and 3%
enriched medié~had dell3c values that were significantly more negative
than the other treatments. There also seems to be additional isotopic
discrimination in the light versus dark-cultured seedlings. Because
of the low number of surviving axenic seedlings in the Thalassia and
Avicennia enriched media it’s impossible to state if there was an
effect in the del 13c signature.

These results, while preliminary, do show the high degree of
variability which may occur in stable carbon isotope composition of
Thalassia (range observed in this work: -4.5 to ~57.1 ppt PDB). The
interaction between organic carbon sources and DIC concentration on
this species’ stable carbon isotope signatures may help in
understanding its physiological characteristics and needs to be
understood before this technique can really be used to trace organic

carbon through food webs.



Table 1. Biomass (mg) and resource allocation patterns in
Thalassia aquarium seedling cultures [means (+/~ S.D.), n=4].

Treatment Age Root Shoot Seed Total Seedling Root
(months) (root+shoot) Shoot
Natural 3 83.1 659.8 156.1 309.0 152.9 1.19
sediments (26.7) (10.5) (62.2)
6 60.4 58.3 99.3 218.0 118.7 1.04
(14.8) (22.9) - (42.5)
9 39.4 44.8 42 .4 126.6 84.2 0.87
(19.6) (10.9) (8.3)
Peat pellets 3 46.9 45.9 74.3 167.1 92.8 1.02
(18.0) (5.8) (15.7)
6 27.2 44 .2 49.8 121.2 71.4 0.64
(7.7) (8.9) (17.4)
9 31.1 51.4 36.7 119.2 82.5 0.64
(9.2) (23.4) (7.3)
Ashed 37 31.8 61.7 86.4 179.9 93.5 0.51
sediments (24.0) (6.6) {(6.0)
+ C02 6 31.6 46.0 65.8 143.4 77.6 0.69
(7.8) (8.3) (17.9)
9 31.1 24.6 42.4 98.1 55.7 1.26
Ashed 3 28.8 70.5 169.9 269.2 99.3 0.41
sediments (12.4) (41.1) (202.4)
+ Avicennia 6 46.6 77.8 55.2 179.6 124.4 0.60
(17.0) (21.1) (4.9)
9 35.2 69.9 49.8 154.9 105.1 0.50
(17.5) (17.2) (5.4)
Ashed 3 19.5 48.0 45.6 113.1 67.5 0.41
sediments (14.2) (19.1) (15.2)
+ Thalassia 6 35.3 66.4 64.8 166.5° 101.7 0.53
(16.2) (18.1) (26.3)
9 47.7 64.5 43.0 155.2 112.2 0.74
(23.9). (8.6) (12.4)
Ashed 3 57.6 42.6 65.0 165.2 100.2 1.35
sediments (20.3) (14.2) (21.3)
6 50.1 50.4 58.3 158.8 100.5 0.99
(6.7) (10.0) (17.8)
9 50.4 50.8 45.1 146.3 101.2 0.99
(10.7) (14.6) (6.3)




Table 2. Dell3c values (pptp

g)

of aquarium treatment water dissolved

**mean (+/- 8.D.)
Value estimated assuming equilibrium with
11.3 ppt) used for bubbling.

Co, gas (dell3c=

inorganic carbon (DIC), and Thalassia seedling leaf tissue, and
relative isotopic discrimination.
Treatment Date pH [CO,] dell3C' de1l3c Del~-del
(mM) carbonate leaf
Natural 8/16/88 7.53 2.25 -10.1 - 9.1 . 1.0
sediments 11/22/88 8.31 1.71 -11.5 -13.3 (1.0) - 1.8
2/23/89 8.31 1.65 -10.6 -16.7 (1.6) - 6.1
5/09/89 8.03 2.23 -12.5 " -20.1 (1.8) - 7.6
Peat 8/16/88 8.18 2.18 - 7.0 - 9.1 - 2.1
pellets 11/22/88 8.33 2.00 - 9.8 -13.1 (1.5) - 3.3
2/23/89 8.28 2.04 - 9.7 -17.8 (3.2) - 8.1
5/09/89 8,09 3.35 - 6.0 . -18.3 (1.8) =-12.1
Ashed 8/16/88 7.64 2.21 - 8.2 - 9.1 - 0.9
sediments 11/22/88 7.00 11.11 -11.3 -24.7 (1.2) -13.4
+ €O, 2/23/89 7.10 16.32 -39.9 -50.8 (9.0) -10.9
5/09/89 7.97 13.39 -52.8 -57.1 - 4.3
Ashed 8/16/88 8.00 1.99 - 8.8 - 9.1 - 0.3
sediments 11/22/88 8.47 2.94 - 9.2 -13.5 (1.2) - 4.3
+ Avicennia 2/23/89 8.28 1.51 ~13.0 ~18.8 (2.4) - 5.8
5/09/89 8.37 1.78 ~-15.4 -21.0 (1.3) - 5.6
Ashed 8/16/88 8.13 2.02 - 9.4 - 9.1 0.3
sediments 11/22/88 8.40 2.11 - 8.4 -11.5 (1.1) - 3.1
+ Thalassia 2/23/89 8.39 2.05 -11.6 -16.6 (3.7) - 5.0
5/09/89 8.12 2.68 =-13.2 -22.2 - 9.0
Ashed 8/16/88 g8.21 1.89 - 9.1 - 9.1 0.0
sediments 11/22/88 8.64 1.65 -11.8 -11.9 (1.4) - 0.1
2/23/89 8.24 1.23 - 9.0 -17.2 (1.4) - 8.2
5/09/89 8.00 3.12 =-11.2 ~19.2 (1.7) - 8.0



Table 3. Biomass (mg dwt) and resource allocation patterns in axen
Thalassia seedling cultures [mean (+/- S.D.)].

Treatment Age Root Shoot Seed Total
{months)
Von Stosch
light 3 1.5 16.0 69.9 87.4
(3.0) (13.3) (40.0)
6 5.8 46.1 54.3 106.2
(7.5) (12.1) (20.7)
dark 3 - 19.8 54.9 74.7
(9.0) (17.6)
6 0.8 51.2 60.9 113.2

(1.5) (16.2) (22.7)
VS + 1% sucrose

light 3 - 13.0 129.9 142.9
(7.5) (85.3)

6 - 16.3 59.1 75.4
(5.7) (22.6)

dark 3 - 13.0 71.9 84.9
(2.7) (33.1)

6 - 14.5 48.5 63.0
(7.0) (6.2)

VS + 3% sucrose

light 3 - 10.7 113.6 124.3
(4.1) (37.5)

6 - 14.9 54.7 69.6

dark 3 - 14.9 93.5 108.4
(5.6) (13.3)

6 - 17.2 87.8 ' 105.0

, (1.4) (34.9)
VS + 1% Thalassia leaves

light 3 - 31.0 77.4 108.4
(18.3)  (31.2)

6 - 40.8 56.5 97.3
(25.0)  (30.5)

dark 3 - 5.0 43.0 48.0

(3.3) (20.3)
6 - —_ - -




Table 4. Mean leaf dell3c values (+/- S.D.) for axenic Thalassia
seedlings after 3 and 6 months in various culture media.

Treatment dell3c (pptppp)
3 months 6 months

Von Stosch :
light -

7.2 (0.8) - 5.4 (1.2)
, dark - 5.2 (1.2) - 4.5 (1.7)
VS + 1% Sucrose
light ~17.3 (2.8) -18.0 (1.4)
dark -15.2 (1.2) -19.2
VS + 3% Sucrose
light -19.7 (1.4) -21.6
dark . -14.8 (2.5) -12.5
VS + 1% Thalassia
light - 8.0 -
dark k% 6.7 (0.8) -
VS + 1% Avicennia
light - 9.4 -
dark - 6.9 -
*:deligc = -24.1
***de113c = =10.0
del*~C = =-26.6
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' TASK IV: PUBLIC INFORMATION ON COASTAL WETLANDS AND CORAL REEFS

Subtask A: Distribution of Estuarine and Coral Reef Brochures

Efforts on Task IV, Subtask A, focused on continuing distribution
of the educational brochures on marine habitats. During the
period from January 1989 through September 1989, 63,156 brochures
were distributed. The totals listed below do not include
brochures distributed by laboratory personnel or those taken from
our receptiocn area.

Coral Reefs 12,709
Estuaries 13,186
Seagrasses 12,170
Mangroves 13,134
Salt Marsh 11,957

63,156
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P.O Box 385

High Springs 32643 904/454-1067
Jacksonville Area Cof C

0. Box 329

lacksonville 32201 904/353-0300
Jacksonviile Beaches Area Cof C
P.O. Box 50427

Jacksonville Beach 32250 904/249-3868

Hamilton County Cof C ’

P.Q. Drawer P~

Jasper 32052 904/792-1300

Lake Clty/Columbla County Cof C

P.O. Box 566

Lake City 32055 904/752-3690

Suwannce County Col C

P.O. Box C

Live Oak 32060 904/362-3071

Baker County Cof C

P O Box 587 g

Maccienny 32063 904/259-6433

Newberry Area Cof C

. O. Box 1004

Newberry 32669 904/472-412)

* Chamber of Commerce

Clay County Cof C

P O. Box 1441 -

Orange Park 32073 904/264-2651
Putnam County Cof C

P Q. Box 550

Palatka 32077 904/328-1503

St. Augustine & St, Johas County Cof C

P.Q.Bx Q.

St. Augustine 32085 904/829-5681
Starke/Bradford County Cof C

PO Box 116

Starke 32091 904/964-5278

36 -



Tourlst Development Councll
iiroward County

101 SE. Eighth Avenue

Fort Lauderdale, FL 33301
305/765-5508

Tourist Development Council
Monroe County

llox 860

Key West, FL 33041 305/296-2228

" Tourlst Development Councl!

Dade County

555 17th Street

Miami FL 33139
305/673-7070

Tourlst Development Councll
Palm Beach County

1555 Palm Beach Lakes Blvd.
Suite 204

West Palm Beach, FU 33401
305/471-3995

Belle Glade Col C*

5403 South Main Streat

Belle Glade 33430 305/996-2745
Lower Keys Cof C

20 Box St

1lig Pine key 33043 30$I‘\72 2411
Greater Boca Raton Cof €

20 Box 1390

Hoca Raton 33432 305/395-4433
Creater Boynton Beach Cof C
639 Ocean Avenue, Unit 108
Boynton Beach 33435
305/732-9501

Clewiston Cof C °

PO Box 275

Clewiston 33440 813/983-7979
Coconut Grove Cof C

3437 Main Highway

Coconul Grove 33133
305/444-7270

Coral GablesCofl C

50 Aragon Avenue

‘Coral Gables 33134 305/446-1657
Coral Springs Cof C -
9767 West Sample Road :
Coral Springs 33065 305/752- 4242
DanlaCof C

PO Box 838

Dania 330104 305/927-3377
Davie/Cooper Clty Cof C

4185 Southwest 64th Avenue
Davie 33314 305/581-0790
Deerfleld Beach Cof C

1601 East Hillsboro Boulevard
Deerficld Beach 33441
305/427-1050

*Chamber of Commerce

Greater Delray Beach Cof C

G4 Sonptheasd Bl Avenuoe

Delray each 33414 305/278-0424

Forl Lauderdate/Broward
County Cof C

PO Box 14510

Fort Lauderdale 33302

305/462-6000

Hallandale Cof C

P 0. Box 249

Hallandale 33009 305/454-054!

HiateahiMlam! Springs
ArcaCofC

59 Wusl Fifth Street

Hialeah 33010 305/887-1515

Greater Hollywood Cof C

£.0. fox 2349

Hollywood 33022 305/920-3330

Greater Homestead/Florlda
Clty Cof C

650 U. S. Highway 1

Homestead 33030 305/247-2332

islamoradaCof C

" PO Box 9IS

Isknnorada 33036 105/664-4503
Juplter/Tequestn Cofl C

1O, Box 817

lupiter 33458 305/746-7111

ey Biscayne Cof C

95 West Mcinyre Streel

Key Biscayne 33149 305/361-5207
Key Colony Beach Cof C

P.O. Box 89 .

Key Colony Beach 3305!
305/289-1212

Flerida Upper Keys Cof €
PO Bax 274-C

Key Larpo 33037 305/451-1414
Greater Key West Cof C

407 Wall Steeet

Key West 33040 305/294-2587
Greater Lake Worth Cof C
1702 Lake Worth Koad

Lake Worth 33460 305/582-4401
Greater Lantana Cof C

212 Iris Street

lantana 33462 305/585-8664
Greater Marathon Cof C

3330 Overseas Highway
Marathon 33050 305/743-5417

_Tri-CityCof C

6130 West Atlantic Boulevard
Margate 33063 305/972-0818

Greater Mlam! Cof C

1601 Biscayne Boulevied

Omni Complex, Seventh Floor
Miaml 33132 305/350-7700-
North Dade Cof C

P.O.Box 693116

Miaml 33169 305/652-31371
SouthDade Cof C

900 Perrine Avenue

Miami 33157 305/238-7192
LatinCof C

P.O. Box 350824

Miami 33135 305/642-3870
Miaml-DadeCof C

6255 Northwest Seventh Avenue
Miami 33150 305/751-8648
Miaml Beach Cof C

1920 Meridian Avenue

Miami Beach 33134 105/672-1270
Mlami Shores Cof C

0523 Nartheast Second Avenue
Miami Shores 33138 305/754-5466

- Northwest Dade County Cof C

45 Curtiss Parkway

Miami Springs 33166 305/822-191)
Miramor/Pembrola Cof C

7156 Pembroke Roal

Miramar 13023 305/961-4500
Glades County Cof C

P.O. Box 490

Moore Haven 33471 813/946-2392
North Mlaml Cof C

13100 Wesrt Dixie | lighway

North Miami 33161 305/891-7811
North Miaml Beach Col C

19 Northeast 167th Sueel

Norih Miimi Beach 33162
305/653-1200

Opa-locka Cof €

PO Box 1014

Opa-locka 33054 305/681-7011
Pahickee Cof C

115 East Main Street

‘Pahokee 33476 305/924-5579

pPalm Beach Cof C

45 Coconut Row

Palm Beach 33480 305/655-3282
Greater Plantatlon Cof C

740! Northwesl Fourlh Street
Plantalion 33317 3U5/587-1410

. Greater Pompano Beach Caf C

2200 Last Atlantic Boulevard
Pompano tieach 33062
305/941-2940
Northern Palm Beach

County Cof C
3601 Vroadway
Riviera Beach 33404 105/848-343)
South Mlami/Kendall AreaCof C

PO Box 430585

South Miami 33143 305/661-1621
SunriseCof C

3122 North Pine Island Road
Sunrise 33321 305/741-3300
Florlida Gold Coast Cof C

P.O. Box 6572

Surlside 33154 305/866-6020
Greater West Palm Beach Cof C
PO Box 2911

West Patin Beach 33402
105/833.4711

Creater LaBlelle C of C

12.0. Box 450

Latselle 33935 813/67540125



Tourlst Development Councll
Manatee County
P.Q. Box 321
Bradenton 33506 813/722-3900
Tourist Development Councll
Charlotte County
P.0. Box 1398
Englewood 33533 813/474-7713
Tourist Development Councll
Lee County
P.O. Box 2445
Fort Myers 33902-9990
813/335-2631
DeSoto County Cof C*
P.0. Box 149 .
Arcadia 33821 813/494-4033
Bonlta Springs Area C of C
P.0O. Box 104
Bonita Springs 33923
813/992-2943
Cape Coral Cof C
2051 Cape Coral Parkway
Cape Coral 33904 305/542-3721 °
Greater Plne Island Cof C
P.0O. Box 525 .
Matlacha 33909 813/283-:0888
Englewood Area C of C
601 South Indiana Avenue
Englewood 33533 813/474-5511
Everglades Area Cof C
P.O. Box E
Everglades City 33929
813/695-394 1 ,
Metropolitan Fort Myers C of C
P.0. Box CC
Fort Myers 33902 813/334-1133
Fort Myers Beach Cof C
P.0. Box 6109
Fort Myers Beach 33931
813/463-6451
Immokalee C of C
P.O. Drawer C
limmokalee 33934 813/657-3237
Lehlgh Acres Cof C
P.O. Box 7157
Lehigh Acres 33936 813/369-3322
Marco Island C of C
P.O. Box 913
Marco Island 33937 813/394-7549
Naples Area Cof C
1700 North Tamiami Trail
Naples 33940 813/262-6141
Charlotte County C of C
. P.O. 2702 Tamiam} Trail .
Port Charlotte 33952 813/627-2222
Sanlbel-Captliva lslands C of C
Causeway Road .-
Sanibel island 33957 813/472-1080

. ‘Chamber of Commerce
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Clirus County Commission and
Tourlst Development Councll

110 North Apopka Street

Inverness 12650 904/726-8500

Tourlst Development Council

Pincllas County

Newpon Square #109A

2334 Lost Bay Drive

Clenrwater 33546 813/530-6452

Grealer Sarasota Tourlsm
Assoclatlon

655 Notth larmiami

Sarnsota 39577 B11/957-1877

Tampa/Hilisborough County
Conventlon G Visltors Bureau

100 South Ashiley Drive,

Suite 850

Tampa 33601 B137223-1111

Manatee Cof C

2.0, Box 321

tradenton 33506 81 5/748 3411

Anna Marla Island C of C

P.O. Box 336

Bradenion Beach 33510 ~_

813/778-1003

Greater Brandon Cof C

408 West Brandon Boulevard

Brandon 33511 813/689-1221

Hernando County Cof C

101 East Fort Dade Avenue

Brooksville 33512 904/796-2420

Creater Clearwater C of C

P.O. 3ox 2457

Clearwater 33517 8137461001 |

Pinelias Suncoast Cof C

St Petersburg/Clearwater Airport.

Suite 234

Clearwaler 33520 813/531-4657

Citrus Caunty Suncoast C of C

Cily/Counly Building

Crystul River 32629 904/795-3149

Creater Dade Clty Cof C

Maridian ot Seventh Streel

Dade City 33525 904/567-3769

Greater Dunedin C of C

434 hMain Strect

Dunedin 33528 813/736-5066

tHomosassa Springs Area Cof C

P.Q), Box 11098

Homaosassa Springs 32647

ALG28- 2066

Greater Hudson Area Cof C

13740 Old Dixie Highway

Hudson 33567 8173/868-93Y5

Hollday Isles Cof C

Q). Box 273

Inclion Rocks Beach 33535

B13/595-4575

" Land O'Lakes Cof C

120, Box 98

Land OLakes 33579 813/996-6470
Greater Larpo Cof C

12Oy Box 326

Lo 34540 K1E1/584-2321
Longboat Key Cof C

510 Bay Isles Road

Lonplom Key 33548
BI3/483-1212

Madeira Beach Cof C’

501 150t Avenue

Madeira Beach 33708
B13/391-1373

West Pasco Cof C

407 West Main Street

New Port Richey 33552
BE/RA2-7651

Qldsmar Cof C

PO ox 521

Oldsmiar 33557 813/536-5988
Greater Palm Harbor Area Cof C
100K North U.S. 19 #300

Palrre State Bank Building

Palmy Harbor 33563 813/784-4287
Pinellas Park Cof C

5851 Park Boulevard

Pinellas Park 33565 813/544-4777
Greater Plant City Cof C

P.O. Lrawer CC

Plant City 33566 813/754-3707
South Hifisborough County Cof C
315 U.S, Highway 41, South

Ruskin 33570 813/645-3804
Safety Harbor Cof C

200 Main Slreet

Salety Harbor 33572 813/726-2890
St. Petersburg Area Cof C

P.O, Box 1371

St. Petersburg 33731
813/821-4069

St Petersburg Beach Area Cof C

1.0, Box 66375

St. Pelersburg Beach 33736
813/300-6957 )
Sarasota County Cof C

£.0. Box 308

Sirasota 33578 813/955-8187
Siesta Key Cof C

P.O. liox 5188

Sarasota 33579 813/924-9696

&0

Greater Seminole Area Caf C
.0, Box 3437

Senuvole 33542 B13/392-3245
Sun Clty Center Cof C

P.Q. Box 52073

Sun City Center 33571 813/634-5111
Greater Tampa Cof C

P.0O. Box 420

Tampa 33601 813/228-7777
North Tampa Cof C

P.O. Box B247

Tampa 13674 813/915-7200

West Tampa Cof C

J005 West Columbus Drive
Tampa 33607

Ybor City 1513 Eighth Avenue
Tatnpa 33605 8137248-3712
Greater Tarpon Springs C of C
928 Last Tarpon Avenue

Tarpon Springs Avenue

Tarpon Springs 335589 813 937-6109
Thonotosassa C of C

105 Main Street

Thonotosassa 331592 813/986-4241
Treasure Island Cof C

P.O. Box 9284

‘Treasure 1sland 13706 813/360-1741
Women's C of C of the Greater
Gulf Beaches

RO, Box 9206

Treasure Istand 33706
813/392-4968

Venlce Arca Cof C

257 North Tamiami Trall

Venice 33595 813/488-2236 .
Zephrhllis Cof C

691 Filth Avenue

Zephyrhills 33599 813/782-1913



Tourlst Development COuncll

Crange Counly

7680 Republic Drive, Suite 200

Orlando 32819 305/345-88%82

Kissimmee/St. Cloud Conventlon
& Vlisltors Bureau

P O Box 2007

Kissimmee 32742 305/847.5000

Greater Semlnole County Cof C*

P 0. Box 784

Ahamonte Springs 32701

305/834-4404

Apopka Area Cof C

180 East Main Sireet

Apopka 32703 305/886-144]

Auburndale Cof C

LE] et Pk Slreet

Aubuindale 33827 813/967-3400

Avon ParlkCof C

PO ox 1330

Avon Park 33825 813/453-1350

Greater Bartow Cof C .
.,

2.0, Hox 956 -

Bariow 13830813/533-7125
Belleview/South Marlon Cof C
12 Q. Box 612

Belleview 32620 904/245-2178
Sumter County Cof C

P Q. Box 158

Bushnell 33513 904/793- 3099
Clermont Cof C

PO Boxdl7

Clermont 32711 904/394-4191
Dunnellon AreaCol C

PO Box 868

NDuanclion 12630)904/489-2320
Eagle Lake Cof C

120, Box 884

Eigle Like 33839

FustisCofl C

12O Box 1210

Euslis 32726 904/357-3434 -
Lale County Col C

PO Drawer AL

Iustis 42726 904/728-4955
Fort Meade Cof C

1) Box 94

Fort Meade 33841 813/285.8253
Frostproaf Col C

.0 Box 968

Frostproof 33847 813/635-4066

*Chamber of Commerce

Groveland/Mascotte Cof C
P.QO. Box 115
Croveland 32736 904/429-3678
Greater Halnes City Cof C
£.0. Nox 986
Haines City 33844 813/422-3751
Kissimmee/Osceola County Cof C
0. Box 1982
Kissimmee 32741 305/847-3174
Lake Altred Cof C )
O Box 956

lake Alired 33850 813/956-1334
Greater Lake Placid Cof C
P.O. Box 187

Lake Placid 33852 813/465-4331
Greater Lake Wales Cof C
P.O Box 191

Lake Wales 33857 B13/676-3445
Lakcland Area Cof C

PO Box 3538

Lakeland 33802 813/688-855!
Leesburg Area Cof C
PO Box 269

Leesbury 32748 904/787-2134
Longwood/Winter Springs Cof C
PO, 150x 963

tongwood 32750 305/831-9991
Maltland/South Seminole Cof C
110 North Maitland Avenue
Maitland 32751 705/644-0741
Mount Dora Cof C

I O. Box 196

Mount Dora 32757 904/383-2165
Greater Mulberry Cof C

P.0O Box 154

Mulberry 13860 813/425-1125
OcalalMarton County Cof C
12O Box 1210

Qcala 12078 Y04/629-8051
Orlande AreaCol C

120, Box 1234

Orlando 32802 305/425-1234
St. Cloud Area Cof C

P20, Box 5

St. Cloud 32769 305/892-367)
Greater Sanford Cof C

1. Q Drawer CC

Sanford 32771 305/322-2212
Greater Sebring Cof C

309 South Circle

Sebring 33870 813/385-8448

V(.‘&H’.( u.‘,’ A‘&
.1{’33’.&"“‘" SR ti

Tavares Cof C :

P. Q. Box 697 .
Javares 12778 904/343-2531
UmatillaCof C

P.Q.'Box 100

Umatitla 32784 904/669-3511

East Orange Cof C

P.O. Box 9080

Union Park 32817 305/277-5951
Wauchula/Hardee County Cof C
P.O. Box 683

Wauchula 33873 813/773-6967
Wildwood Area Cof C

P.O. Box 1179

Wildwood 32785 904/748-2221
West Orange Cof C

P.O. Hox 522

Winter Garnden 32787 305/656-1304
Winter Haven Area Cof C

P.O. Box 1420

Winter Haven 33880 813/293-2138
Winter Park Cof C

P.O. Box 280

Winier Park 32790 305/644-8281
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04/07/88

Name

Mrs, Donna Strickland

Hrs Burney Hinkler

Mr. Jerry Edgar

Dr. Richard Crump

Dr. James Yopp

Dr. Ronnie 0. Kirkland

Hr.Dave Howell

Hr. Alton Cheathan

Hrs Nancy Leaderer

Dr. Hildred Berry

Nr. Curtis Seott

Hrs. Angie Matamoros

Hrs.

Roberta Dilocker

Dr. Haydes Havarro

Hr. Hilliae Stanko

Mrs.Favla Uhittier

Dr. Richard Tankling

Ut List for £ & I letters

" Title

Supervisor af
Science

Dir.of Curriculun
K-12

Director,Vocational
Education

Supervisor,
Secondary

Director of
Elementary Education

Director of
-\ﬁgEEndary Education

Science Resource
Teacher

Supervisor,
Elementary
Curriculun
Bupervisor, Science

Program Specialist

Curriculum Cluster
Supervsr Sci/HIt

Coordinator,Math &
Science

Directar of
Instruction

Head
Teacher,Environmenta
1 Lab -

Depuly Supt. for
Instruction

Coordinator for
Curriculum

Organization

Dept. Education,
Environmental
Fducation

FL Dept. Education,
Environmental
Education

FL Dept. Education,
Environmental
Education

FL Dept of
Education,
Environmental
Eduration

FL. Dept. Education,
Environmental
Education

FL Dept.Education,
Environmental
Education

FL Dept, Education,
Environmental
education

FL Dept Education,
Environmental
Fducation

Fl.Dept, Education,
Environmental
Education

FU Dept.Education,
Environemntal
Eduction

FL
Dept.Education, Envir
onmental Fducation
FL Dept, Education,
Environmental
Education

FL Dept. Education,
Environmental
Education

FL Dept. Education,
Environmental
Education

F1 Dept. Education,
Environkental
Education

FL Dept. Educatien,
Environmental
Education

FL Dept, Education,
Environmental
Education

- “Address

B20 E. University
Ave.

982 North Tesple Ave
425 £, Central Ave.
G-20

900 Halnut Straet
Rt.87, Box S4i

392 South blvd, East
1274 south Florids
hve,

Peace River
Elenentary Schonl

1332 Kingsley Ave,,
Suite 110

1450 H.E. Znd Ave.
Roon 918

P.0. Draver 920
6650 Griffin Road
1007 Yest Hain 2L,
0 Estey hve
530 La Solonz Ave

P.0. Box 3-E

PO, Ray 759

22400 Hancock Ave,

City
Gainesvil[g
!

Starke
Blountstoun

resn Cove
Spring

Lake City
Hacclenny
Pockledge
Charlntta
Harbar
Grange Park
Hiami
Fanama City
Ft.Lauderda
1s
[nvarness
Haples
Arcadia

Lrass ity

Bunnsl]



’Page No, 2
04/07/88

Hane
Hr. Harrison Schofield

s, Lillian Sasnett

L=
0

Hr. Hariin Yungman

Dr. Jed Klain

Hr. C.T. Ponder

=

1, Gearge Steele

=

r John Hasterson

=

r. Dewayne Lenler

r.Roy Hyatt

Hrs. Hary Baker

Mrs. Rarbara
Shirley-Scott

Hr. Kenneth Dooley

r. Michael Hullins

Wrs. Jean West

Mrs. Dorothy Bishop

Hr.R. William Hammond

irs, Shirley Bateman

Title
Divector of Projects

Director of
Instructional
Services

District Director of
Curriculun

Director Instruction

Secondary
Adwinistratian

Director of
Adminigtrative
Seryi(es
Director of
Cyrriculun 6-12

Coordinator,
Secondary Education

Dir./Environnental
Sensitivity Proj

Chapter 1, Program
Supervisor

Director of
Instructional
Service
Asst.Supervisor fer
Instruction

Coord.of
EnvironmentalEd,

Special Programs
Adsinistrator

Dir.Instructional
ServiceshStaff

Dir. Environmental
Ed., Instr,Serv,
Dir. of Instruction

List for E % 1 letters

Organization”

FL Dept. Education,
Environmental
Education

FL Dept. Education,
Environmental
Education

FL
Dept.Education,Envir
onwental Education
FL Dept Education,
Environmental
Eduration

FL Cept. Education,
Environmental
Eduration

FL Dept.Education,
Environnental
Education

FL Dept. Education,
Environnental
Education

FL Dept Education,
Environeental
Education

FL Dept
Education,Environnen
tal Education

FL Dept. Education,
Environnental
Education

FL Dept Education,
Environnental
Education

FL Dept
Education,Environnen
tal Education

FL Dept Education,
Environmental
Education

fL Dept Education, .
Environaental
Education

Fl Dept.Education,
Environmental
Fducation

FL Dept Education,
Environmental
Education

Address

_P.0, Box &7

P.0. Bax 1053

919 U.5. 41 Horth
1701 Prudential
Drive

155 Ave E

P.0. Box 459

P.0. Drayer {78
426 School Street
P.0. Box &G

P.0. Box At8

Gulf County
Courthousa

P.0. Box 1380

P.0. Box 3408

211 Y. tova Ave

1490 ¥, Washington
Strest

Nature Center, Mriiz
Ave
P.0. Bux 179

Sebring

City
Trenton
Jasper
Brooksville
Jacksonvill

3

Apalachicol
a

Hoore Haven

Hauchula

fionzalez
Quincy
Port Sf,
J02

Labelte -

Tampa

Boni fay

Hnnticel(@

Ft. Hyers

Bristol



“.Page Ho, 2

04/07/80

Hame

Nr. Hiley C. Kerlin

Dr, A.Ronald Hudsen

Wrs, Dolores H. Cerase
Hrs.Nildred Hall
Wr. James Ray

Dr. Barbara Anderson

Hr. Thomas L. Helvin

Nrs.Beverly Haskins
Hr. Paul D. Johnson
Hr. Robert Kitzailler
Hrs, Betty Coy

Nrs. Betty Cox

Hiss Sharon Suits

Or. B. Canille Dorman
Mr. Dick Mullenax

Hr. Jack Roberts

Hrs. Leona Davis

Title

Dir. Secondary
Education

Asst Super,
Instruction

Aduinistrative Asst,
for Programs

Secondary Science
Curr.Team

Dir of Personnel and
Sec,Educ,

Dir. Ele, Education

DirVocational

Education

Super. Secondary
Education

Asst. Supt, Instruc.
Services

Supervisor of
Science

Director of
Secondary Education

Specialist
Science Education
Contact

Asst. Super,
Instruction

Science Supervisor
Super, Media,Career,
Consumer Ed,

Dir. Secondary
Education

List for £ & 1 letters

Organization

FL Dept. Education,
Environmental ’
Education

FL Dept, Education,
Environmental
Education

FL Dept Education,
Eavironsental
Education

FL Dept. Education,
Environmental
'Education

FL Dept Education,
Environmental
Education

F1 Dept. Education,-

Environmental
Education

FL Dept Education,
Environnental
Education

FU Dept Education,
Environmental
Education

F1 Dept Education,
Environmental
Education

1 Dept Education,
Environmental
Education

F1 Dept Education,
Environmental
Education

Fl Dept. Education,
Environnental
Education

FL Dept. Education,
Environwental
Education ]

F1 Dept. Education,
Environmental
Education

F1. Dept Education,
Environnental
Education

FI Dept Education,
Environmental
Education

F1 Dept Education,
Dept. Environmental
Education

. Address
P.0, Box 570
1990 250 Strest
Pfﬂ. Box 38
27537 West Pensacola

Street

.0, Box 449

500 East Ocean Blvd.

P.0. Boy 5958
200 Burleigh Nlvd
P.0. Drawver 129

P.0. Bar NGY

500 Fast Ocean blvd,

242 White 5,

100 S.W. Fifth Ave,

P.0. bax 24630

P.0. box 3591

310 Preston Court

1201 Atlantic Ave

P.Q. btox 1788

Uity
Uiala
Vero Beach
Hayo

!
Tallahéssee
Hadican
Stuart
Hariauna
Tavares
Bronsen
Bradenton
Stuart
Key He?t
Okeechobee
Hast Palm
Beach
Rartow

Ft. Pierce

Fernandina
Beazh



Fage My, 1
14/07/88

Hawe

He, Arlene Bridges
Hr.lSteven Rinck

Mrs, Weredilh M, Barker
tr. Hicky Nafker

Wr. Joe H. Stanton

Hr. Blaine Huse

Hr. Thomas H, Raird
Br. Sandra HcDonald
Hr. Richard Codispoti
Nrs, Bettie Palmer

Mr. Lawrence Hughes, Jr
Hs. Sue Feel

Mr. Larry D. Ross

=

r. Howard Meleill
Mr. James King
Hr. Marvin Johas

Ms. Billie Wisniewski

Title

Program Consultaﬁt,
Ele. Science
Supervisor Science |
Dir. Hiddle School
£d.Services

Coord. Hath and
Science

Science Super,
Secandary Accradit,

Nir.Middle Schinl
and Sec. Ed

Dir,,¥~12 Science
Dir. Curric. and
Instruction

Super, Science
Education

Consultant/Coor of
Stience

Instructional Coord.
Coord, Special
Programs

Instructional
Supervisor .

Asst, Super, for A
Instruction

Director of
instructien

Birector of
Instruction

Science Supervisor

List for £k 1 Letters

Ornanization

F1 Dept Education,
Enviranmental
Eduration

F1 Dept Education,
Envivonmental
Educatian

FI Dept. Education,
Environmental
Education

Fl Dept Education,
Environmental
Education

FI Dept Education,
Environmental
Education

FiDept,

Education,Environmen

tal Education

F1 Dept Education,
Environmental
Education

F1 Dept Education,
Environmental
Eduration

F1 Dept Education,
Environmental
Education

FI Dept Educatiam,
Environnental
Education

F1 Dept Education,
Environmental
Education

F1 Dept

Education,Environnen

tal Education

FI Dept Education,
Environmental
Education

F1 Dept Education,

Environnental
Education

FI Dept Education,
Environnental
Education

Fi Dept Education,
Environnental
Education

F1 Dept Education,

Environnental
Education

Address

P.0. Box 271

7227 1.5, Highway 41
200 S. 7th Strect
£03 Caﬁal Street

120 Lduery Place
P.0. Box 1948

205 4th St. 5.4,

40 Orange Street

2418 Hatton Ctreet

1211 Hellomville Ave

502 North Conker
Street

P.0. Box (00

202 N Floride Street
55 S.H. &th Strest
Park Ave

224 West Parshley

Street

P.0. Box 1910

City
Orlando

Land
0'Laken

Palatka
Hilton

re, Walton
Rearh
Vissipaes
Large

5t
Augustine
Sarasofa
Sanford
Perry
Trawfordyd
la
Buzhnell

Lake Butler

Defuniak
Springs

Live Oak . )

Naytona

Beach



¢ Mo,

ii/BB
ma

. Pat Witlians

“

Title
Director of
fnstruction
ay County Public Library

Yista Canpus Library

vard County Biv, of
Emraries
focoa Public Library

'ﬂ'ida Atlantic
iversity Library

Florida International

Illv

Flarida State University

brovy
tksonville Public
ibrary

iani feach Public
ibrary

iani Dade Public
Library

lcala Public Library

Grange County Library

istrict
t. Petershurg Public

ibrary
State Library of Florida

Statson University '
Ja'ksanvxlle University

Tampa-Hillsborough County
Lib, Sys.

University of Central
Florida Libry

Univarsity of Florida

Library

University Morth Florida
Library

University of South
Florida

University Hest Florida

Litrary
University of Hiani

List for E & I letters

Organization Address

F1 Dept Education, 206 Horth Third

Environmental Street

Education

Florida State 25 Hest Governnent

Library Depositories Sireet

Florida State Documents Departmant Flarida

Library Depositories Internationa
University

Flarida State 100 South Andrevs

Library Depositories Ave.

Florida State 430 Delannny Ave

Library Depositories

Florida State

Library Depositories

Flarida State

Library Depositories

P.0, Box 3092

Documents Section Tamiaai Canpus
Teail

florida State
Depositories Pivision

Flarida State 122 Narth Ocean
Library Depositories Street

Florida State 2100 Collins Ave,
Library Depositories
Florida State
Library Deposifories
Florida State 15 Houtheast Dzcenla
Libirary Depositories Ave.

Florida State {01 East Central
Library Depositories
Florida State
Library Depositories
Florida State
Library Depositories
florida State
Library Depositories
Florida State Carl §, Swisher
Library Depositories Library Horth
Florida State 900 North Ashlay

Library Depositories .

florida State F.0. Box 23000

Library Depositories

Florida State _ Docunents Departaent
Litrary Bepositories
Florida State
Library Depositories
Florida State
Library Depositories
Florida State

Bocuments -Haps

101 West Flagler

3745 Ninth Ave Narth
Docunent Section

Dupont-Ball Library

Gov't Publicationz  P,0, 248214
Documents Division  F.0, Box 17605
Library-Special 4204 Fouler Ave
Depositories Collections

1]

Flarida State Pocuments-Jaha °
Library Depositories Library

ace

Librayy-Tenism

R.A. Gray Duilding

University Blvd.

City

Chipley

Panama ity

*North Miani

Fort
Laudardate
founa

Boca Raton

Hiani,

Tallahasgee
Jacksanvil!
[

Hiami Haarh
Hiani

0cala
Irtanda

5t.
Petersburg
Tallahassee

Deland

Jacksonvill
e
Tanpa

Orlando
Bainesville

Lora)
Gables
Jacksonvill
e
Tampa

Pensacola



Page M. 3
IREIRNASY

HET Title

Wagt Paln Beach Fublic
Library
anastasia State Fec, Area

spalachicela River & Bay
bl Sang,

Pshia Honda State Rec,

K3

Fig Lazoon State

Perveslion Ares

Fill Bagys Cape FL, State

Fec, drea

bulov Plantation Fuine Rang:r
Ctate Hist.
caladesi lstand State ~—
‘Fark :

Lape St, fieorge State Ranger
Reserve

Ledav Fey State Huseun

fayo losta State Parl

Charlatts Harbor State

Reserve

Chekika State Recreation

hrea

Collier Seminole State

Park

Constitution Convention  Ranger
Stateluseun

Ciystal River State Arch.

Site

Delnov Wiggins Pass State

ie, Area

Diy Julian Bruce/St.

fearae Taland

Fden Glat: Bardens

Fabshistobae Shand G4 e
Fogi oy e

Faviv-Dyhes Siate Paik
flagler Beach Gtate Per
Area

Fart Tliach State Park

Fl. fiecce Tnlet State
Fec. fria
Ft. Zachary Tayor State
Hist., Cite

e

List for E & T letters

irganization

Florida State
Library Depositories
F1. DNR Div Rec b
Parks, Park Service
FONE Div Rec &
Parks, F1 Park
Bervice

FONR Div Rec % Parks
Parl Service

FONR Div Rer and
Parks Park Service
FONR Div. Parks and
Rec, Park Service
FONR Div. Parks and
Rec, Park Service
FONR Div Parks and
Rec Park Service
FONR Div Parks and
Rec, Park Service
FOUR Riv Rec.and
Parks/Park Service
FDUR Div of Rac and
Parks/Park Service

. FOHR Div Rec and

Parks/Park Service
FONR Div Rec and
Parks/ Park Service
FOUR Biv Rec and
Parks/Park Service
FDNR Biv Rec and
Parks/Park Service
FDNR Div Rec and
Parks/Park Service

Address

100 Clematis

5 Anastasia Park
Orive

261 Seventh Strest
Rt. 1 Box 782

12301 Gulf Beach
Highway

{200 S. Crandon Blvd
P.0. Box €55

No 1 Causevay Bivd -
261 Seventh Street
P.0. Box 528

P.0. Box 1150

P.0. 991

P.0. Box 1313

Harco

200 Allen Memorial
Hay

3400 N, Museuw P,
11100 Gulf Shore Dr,
N

P.0. Box 62

P.0. hox 26

P.0. Box 548

RY.4 Box 213-J-1
3100 South AlA

2601 Atlankic Ave -
200 Atlantic Beach

Blvd
F.0. Box 289

City

Hest Palw
Beach

St.
Augustine
hpalachicol
3

Big Pine
Key
Pensacola

Key
Biscayne
Bunnell

Dunedin
Apalachicel
2

Cedar Key
Boca Grande

Bakeelia

Honestead

Port 8%,
Joe
Crystal
River
Haples

Eastpoint
Point
Hashington

Copeland

St

Augus}ine.-

Flagler
Beach
Fernandina
Beach

Ft. Pierce

Key Hest



I
I
!
!
!
|
I
I
|
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ﬁage No. li
04707788

Nane Title

Fred Gannon Rocky Bayou
Rec. Area..

rayton Beach State Rec
Area’

‘Hillsborough River State

Park

Honeymoon Island State
Per Area

Hugh Taylor Rirch State
Par Area

Iohn D. HcArthuwr Beach
State Park

John Pennecanp Coral Reef
State Prk

John Lloyd Beach State  Hr,
Rec Area

Gamble Plantation Hist

~ Gite

Kingsley Plantalion Rist ™
Site

fey Largo Coral Reef
Hat’1 Sanctuar

Yoreshan State Historic
Sits

Lignumvitae Key State
Botanical Ste

Little Talbot Island
State Far¥

Looe ¥ey State Rec Area

Hanatee Springs State
Park
Myakks River State Park

Nev Smyrna Sugar Nills  Ranger

Hist, Site

(chiocknse River State
Park

Meta River State Pec
iArea

Occar Scherer Gtate Rec
Area

Pahokee State Rec Area
St. Andreys State Rec
Area

" Ban Harcos de Apalache

State Gite

Sebastian Inlet State
fei, Area

St. Joseph Peninsula
State Park

Tomoka State Park

List for E & 1 letters

dddrass

Rt. 1 box 597

P.0. Box 1062

15402 U.5, 301 North

Ho 1 Causevay Blvd
3109 East Sunrize
Blvd

10900 8.8, 703
P.0. Rox 487

£503 lorth Qcean Dr
3708 Patten Ave
P.0. Box 224

PO, Doy 1043

P.0, Box 7

P.0. Rox 1032
12157 Heckscher
Drive

Route 1 floy 782
Rt.2 Bax 817

13207 5.0, 12

F.0. Bay 861
P.0. fox 3

f.0. foy 601265
P.0. Boy S3R

.0, Drever 719
44135 Thonas Drive

P.0, Box 27

9700 South Al
Star Route 1, Box
200

2099 North Beach
Streat

City

Hiceville

Santa Rosa
Beach
Thonotosass
a

Dunedin

Ft
Lauderdale
Morth Paln
Reach

Key Largo

Dania
Ellenton
Fort George
Key Largn
Esters
Islanorada
Fort George
Big Pine
ey
Chielland
Barasota
Heuw Smyvnz2
Reach
Scpchappy
Horth Miani

O=prey

Fahnkes
Panama Lity

Helhourns
Beach
fort St,
Joe
Nrpopd
Beach



Psg: o U

04/07/80

Hawe

Harcasenug Nay Clale
Preserve

Hachinglon Daksa State
bardens

lleadan Ysland Slste
Fiagerve

ftavie Tillsry Ir.
Suhinny  Foinston

dllvae Fervy

Silbart Becler
Tariey lahnzon
Jobi Bzuzst
Bichard Doanrashd
Hichael Hurphy
Arnold Kueasler
Pussell Danser

Long key State Rec Area
Jamie L.

ering

Title

Distrizt Hanager
Distei. thaiagnr

Distrizt Hanager
District Hanager

District Wanages
Digslrice Ranager
Dighrist Hanager
DisbiiEt dieian

NP PR . J—
Bisirict flanag:y

Infarmation
Specialist 111
Divector of Totirisu

Ligt for E & 1 letters

érganization

Historic &
Environmental Land -
Hanageuent

Bureau of Harine
Research _
Fscambia County

Bay Cty Tourist’
Development Council
Enerald Coast
Tourist Development

" Council

hpalachicola Bay
Chamber of Commerce
Levy County Chauber
of Commerce

Liberty County
Chamber of Coumerce
Hashington County
Chamber of Commnerce
Hakulla County -
Nhamber of Coumerce

Address

P.0, Box 167
Rte {, Box 178-4

1900 Heedon lsland
Drive

4415 Thowas Drive
3540 Thomaaville

Road

4801 S,E. 17th
Street

2099 Horth Beach
Street

RE, 1 Bax 107-AA
P.0. Box 398

P.0. Box 8

P.0. box 2660

1800 Hekiva Civcle
3900 Coumonuealth
Blvd

P.0. Box 776
100 Second Ave South

1401 £ Gregory St
P.0, Box 346

P.0. Box 4204

45 Harket Street
P.0. Box 11B
P.D. 52

P.0. Box 457

P.0.Box 598

Dixie County Chauber.

of Lowmerce
Halton County

Chamber of Commerce

Destin Chamber of
Commerce

Greater Fort Halton

Beach Chamber of
Conner.ce

P.0.Box 29 .
P.0. Box 8

P.0. Box &40

Greater Gulf Breeze P.0. Box 327
Chaaber .of Coemerce '

P.0. Box 547

City

Cedar Key

st.
Augustine
5t.
Petersburg
Panaua City
Tallahassee

Gainesville

Ornond
Beach
Clerwont
lsprey

Hobe Sound
Key Largo
Apopla
Tallahassee

Long Key
5.
Petershurg,
Pensacola
Pavaua City

Fort Halton
Beach

Apalachicol
a o
Cedar Key -
Bristol
Chipley
Cravfordvil
le

Cross City
Defuniak
Springs

Bestin

Fo}t Halton
Beach

Gulf Breeze



Pags o,
07789

Name

Title

List for E & 1 letters

frganization Addiess

Santa Rusalthamher 50 Ghecood Street

of Commerce - SM

Honticello-Jafferson 420 Hest Hashijogtyoy

Caf C gt

Bay County Chamber  P.0. Box 1830
af Commerce

Pensacola Area P.0, boy 559
Chanber of Commerce

Perry-Taylor County P.D, Boy 550
Thamber afCommerce

Port St, Joe & Gulf P.O, Box P32
Cofl

Tallahassee Chamber P.0. Box 1637
of Conmerce

Niceville-Valparaiso 179 John Sins
Cofl “Parkvay
Jacksonville
Conyention & Suite 240
Yisitor's Bureau

Hest Hassauw Cownty C P00 Bow 20

af C

tmelia Island PO, Bar 477
Fernandina Beach €

of €

Tlagler County C of P.0O, EBY

X .

Bainesville Area C PO, Rev {17
af € .

Jacksonville Area PO, Bow 309
Chamber of Commerce

Jacksonville Beaches P.0. Boy S0MZT
Area L of .
Lake City/Columbia P.0O, Rex 506
County © of £

Clay County Chamber P.0. Box 144)
of Commerce

Putnan County P.0, Ba: =%y
Chapber of Cosuerce

St. Augustine b St. F.0. P
John's County € of €

Tourist Development 201 SE Lighth Ave

Councit
Tourist Development Boy BEE
Council .

Tourist Development 3535 {7L6 Shye t

Council

Tourist Development 1305 Fale %20

Council Lakes Flvd  Suits
' 204

Belle Glade Chamber 540 South Hain

of Connerce Strant

33 Hagan Nivock

Hitlew
flinticelin
Fanan: City
Fensacala
Perry

Port St,
loa

Tallzhaszas
Valparaiso

Jackeanrill
¢y

Lallahan

Fernzndina
Baach

Magls
keach
fainesville

Jactoenvill
¢
Jackaoavill

Lake City
Drange Part

Falat!s

5%,

Angustins
Fewt

Lauderdale
ey Nest

Higwi

Hogt Taly

Reach

Dall: Slads



" Page Ma,
04/07/8B

Hame

16

Title

Organization

List for E & [ Vetters

Lower Keys Chamber
of Commerce ‘
Greater Boca Raton
Chanber of Commerce
Greater Boynton
Beach C of C
Coconut Grove
Chamber ol Coamerce
Coral Gables Chamber
of Comnerce

Coral Springs
Chanber of Conmerce
Dania Chamber of
Commerce

Davie Cooper City
Chamber of Commerce
Deer field Beach
Chanber of Commerce
fireater Delray Beach
Chamber of Commerce
Ft.
Lauderdale/Brawvard C
of C

Hallandale Chamber
of Commerce
Hialeah/Miami
Springs Chamber of
Commerce

Greater Hollyweood €
of C

Greater
Homestead/Florida
City C of C
Islamorada Chamber
af Commerce
Jupiter/Tequesta
Chanber of Commerce

ey Biscayne Chamber

of Conmerce

Key Colony Beach
Chanber of Commerce
Florida Upper Keys
Chanber of Commerce
freater ey Hest
Chanber Of Conmerce
Greater Lake Worth
Chanber of Commerce
Greater Lantana
Chamber of Commerce
Greater Marathon
Chasber of Commerce

’ Address

P.0. box 511
P.0. Bov 1236

639 Dcean hve Unit
108
3437 Hain Highway

30 l\l’ﬂl_ll’.'Il five

9767 Hest Sample
road
P.0. Box B2E

4185 SH G4th ave

1601 Tasl Millsbers
Bivd.

64 Southieast Fifth
)

PO, Bo 145E0

P.0. box 243 P

59 Hest Sth St

P.0. Box 2345

650 U.S. Highway 1

P.0. Box 915
P.0., box 817

93 Hest Hcintyre

Streat

P.G. Box 89

P.0., Rog 274C

402 Hall St

1702 Lake Yorth Rd
212 Iris Street

3330 Dverceas
Highway

City

Pig Pina
Vey
Baca Faton

Coconnt
Giavs
Cu ozl
Gahtes
Loral
Springs
Dania

Davie
Dagrfield
Reath
Belra
Beach

Ft, -
Lauderdale
Ha}landale

Uisleah

Hollyvood

Hokestead

Islanorada
Jupiter
ey
Riscayne
fey folony
Beach

Koy Largo
Key Hest
Lake Horth

Lantana

Harathon



Fage Ha,

04/07/88

Name

i

Title

List for E & T letters -

Organization

Tri City Chanber of-
Commerce

freater Miami
Chamber of Commerce
Horth Dade C of C
South Dade Chapbar
of Commerce

Latin Chamber of
Comper e

Hiami Beach Chakber
of Commerce

Hiamni Shores Chamber
af Commerce
Northwect Dade
Chamber of Commerce
North Hiawi Chawber
of Commerce

Horth Miami Beach
Chamber of Cowmerce
Palm Beach Chamber
of Conmerce

Greater Pompans
Chamber of Commerce
Horthern Palr Beach
County C of C
Southern
Hiami/Kendall Area C
of €

Sunrise Chamber of
Commerce

Florida Gold Coast
Chanber of Commerce
Greater Hest Palm
Beach Chamber of
Cotimerce

Tourist Development
Council

Tourist Development
Council

Tourist Development
Council ‘
Cape Coral Chamber
nf Lonmerce

Greater Pine Is)and
ftaflC

Englewood Area
Chanber of Commerce
Everglades Area
Chanber of Commerce
Hetropolitan Ft,
Nyers C of €

Address

B130 Hest Atlantic
Blvi

1601 Bizceyne Blvd  Onni Compley,
floar

P.B. Box &%2114

00 Perrine dve

P.0, Box 750NBT4
1920 Heridian dve
9523 Mot theasd

Second Ave
45 Cortizz Faibuay

13100 Hest Disie

Highway
39 Northeast (R7EN
5t

43 Coconpt Fou
2200 East Atlantic
Blvd

3601 Broaiduay

P.D0. Bor 130365
3122 North Pine
Island Raad

F.0. Box £572

F.0, Bos 2931

P.0, Box 32§

P.O. Ba. 1378
P, B 2945
2051 Cape Coral
Parkwvay

F.0. Box 5325

601 Scuth Indiana
ave

P,0, Box E

P.0. Box CC

Tth

City

Hargate
Hiani,

Misﬂi,
Hianmi

Hiami
Hiami Haach

Hiawi
Shares
Hianl
Springs
North Hiasi

" Narth Mismi

Beach

Falm Bsach

Priipape
Fzach
Pivierz
Beach

Seuth Hiawi
Stnyive

Cur {zide

Yest Palw
Beach

Pyadenton
Englevond
fro tyers
fape toral
!*t?:{ﬁé
Enqlevand
Everglades

Lity
Fort Hyers



Title

st far €41 letters

firganizabion

furt Yare Reach
Mogber of Commerce
ilziro leland Chawber
s Uoamarce

feples drea Chamber
af Coiaerce
Charintte County
Thagher of Commerce
Sanibel-Captiva
Fzlands Chawber of
T heile

Towriet Developuent
RFITERN

Giozter Sarasot
Taurich Association
Taups Hilleborough
Cawaty Convention
Buy e3u

Hanates Chamber of
Cotierce

fnie Havia Island
Chamher of Commerce
trvaler Clearvater
Ghasber of Commerce
Frucllas Suncoast
Chagher of Commerce

Fitvus County
Seacuast Chauber of .
Caerse

Gicater Dunedin
Chagber of Commerce
Boizosassa Springs
hrea Chamber of
Comberce

tieater Hudson Area
Chawher of Commerce
lLongboat Key Chaaber
af Commerce -
Wedeira Beach
Chanber of Conmerce
Hest Pasco Chamber
of Commerce

Greater Palm Harbor
hrea Chasber of
Commerce

South Hillshorough
county Chasber of
Mokinerce

fafety Rarbor
Chasber of Commerce

address

P.0. Box £10%

P.0.7913

1700 Horth Tamiani
Trail

P.0. 2702 Taaiawi
Trail

Causevay Road

Newport Square #1094 2333 East Bay Drive

55 North Tamiasmi

100 South Ashley
Drive

P.0. box 321
P.0. Box 336
P.D. Box 2457
5t
Petershurg,Clearvate
T Airpert

City County Bldg
434 Main Street
P.0. Box 1098
13740 81d Dixie
Highvay

510 Bay Isles Rd

501 150th Ave

407 Main St

1000 Horth 1.8, 19
1300

13 0.8, Highway 41
south

200 Hain Strest

Suite 830

Suite 239

Palwm State Bank
Bldg.

Lity

Fort Hyers
Beach
Harca
Island
Haples
Port
Charlotte
Sanibel
Island
Clearvater

Sarasota

Taupa

Bradenfon
Bradenton
Beach
Clearvater
6)earuater
Lrystal
River

Dunedin

Howosassa
Springs

Hudsan

~ Longboat

Key
Hadeira
Beach
New Port
Richey
Palm
Harbor’

Ruskin .

Safety

Harhar




- Page lo, 13
G4/07/88 .
‘List for E 41 letters

Nane Title  Organization hddress ity

. St. Petershury P.0. Box 1374 st.
Chamber of Commerce Petersburg
~ St. Petershurg Beach P.D. Pax (6373 St
. Chaaber of Commerce : Petersburg
) Beach
Sarasota County P.0, Box 308 Savasata
I Chamber of Commerce
- Siesta Key Chamber F.0. Box 5188 Sarasota
nf Commerce
I Sun City Center P.0. Bav 5203 Sun Gity
Chamber of Commerce Center
Greater Tampa PO, o 120 Tanpa
Chanber of Commerce
l Horth Tampa Chamber P.0. Bey 8247 Tampa
of Comwerie ‘
Hest Vappa Chamber 3005 ezt folnsbes Tanpa
I of Conmerce Drive
Yhor City 1912 Tighth £ Tawpa
— Greater Tarpon 528 East Tavpar Ave ) Tarpan -
Springs Chaaber of Springs
I Conmerce
. : Treasure Island PO by 20 Traasure
Chanber of Commerce ‘ Isiang
. Venice Area Chasber 237 North Tauniani ' Venive
of Commerce Trail )
Brevard County 2238 Uarth 'Courtney Herritt
l ' Tourist Developaent Parkvay [5land
Council )
Tourist Development £.0, Rox 2773 Najtona
Louncil Beach
l Cocoa Beach Area 4531 Piveredge Blve Lrcoa
Chamber of Commerce
Paytona Beach Area F.0. fox 2775 ' flaytana
I Chanber of Commerce . Reaih
Paytona Beach Shores 3616 South Atlantic | - Dajtona
Chamber of Commerce Ave Suite A ‘ Baach
_ Shores
l St Lucie County 2200 Virginis hvs Fort Piovee
Chanber of Commerce
Hobe Sound Chamber  P.O, Tox 1007 Hobe Scund
I of Commerie \
South Brevard 1O0% £3et W Fhour e
Chamber of Commerce Stravdridge Ave
l Hew Swyrna/Edgewater PO, Box 122 ' tiew Smying
Chanber of Commerce Bzach
Oruond Reach Chamber PO, Box 874 Iy word
A Commerce Reach
l Oraond by the Sea PO, Bew 20C fyrand
Chasber of Commeyce Toach
! Palm Bay Area Chambe PO, Rax 37 : P2ln Ray
l of Commerce



fage Ha. 14
04/07/80

Napa

Title

List for E & | letters

Organization Addrazs

Titusville Area KGDRSER

. Chamber of Commerce MNashingtar

Vero Beach Chawher P01 - 79
of Conwarce
Jensen Beach Chamber 1910 He frg i

of Conmerie Conmercial 5t

tity

Tite=ville

"orn Beanh
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